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Chapter 1: Introduction
Kiva F, situated in the western half of Long House at Mesa Verde National Park,
is somewhat unique in the use and survival of an especially brilliant red decorative wash
applied to the walls. Inhabited from approximately 1200-1300 C.E., Long House
contains about 150 rooms, including 21 kivas, or round ceremonial spaces, and a large
plaza area, which makes it the second largest alcove site in Mesa Verde National Park.
As with other sites in the park, extant decorative finishes are found in select areas on the
walls of the rooms, especially the kivas. These finishes embody some of the most vivid
expressions of the Puebloan culture of its inhabitants and remain in varying conditions of
preservation or deterioration, primarily seen in the form of finish flaking and detachment.
Unlike most plasters and washes at the park, the finish in Kiva F exhibits severe
disaggregation characterized as a loss of grain-to-grain cohesion (figs. 1.1-1.3).
Treatment of earthen surface finishes at Mesa Verde currently involves injection of
gelatin adhesive for reattachment of flaking or detached finishes, which relies on the
plasticity of the clays in order to set them in plane with the surface.
In Kiva F, however, this treatment alone will not stabilize the finishes as they
display severe friability where exposed. Therefore investigation into consolidation has
been deemed necessary. Since consolidation should be performed in conjunction with
gelatin reattachment, its effect on the plasticity of the finishes must be considered. This
thesis seeks to explore possible remedial measures for the chalking and friability
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exhibited by these finishes. Consolidation is considered as a possible treatment, with a
focus on its effect on cohesion of surface material.

Figure 1.1. Friable red earthen surface finish in Kiva F, Long House. Scale is upsidedown.

Specific questions addressed by this thesis are:
x

What are the causes of friability and chalking in earthen finishes found in
Kiva F of Long House in Mesa Verde National Park?

x

How may these causes of friability and chalking be addressed?

x

In consideration of consolidation as a possible treatment, what properties
should be sought?

x

How does consolidation affect the cohesive strength, plasticity and response
to moisture of these earthen finishes?

2

Figure 1.2. Friable red earthen surface finish in Kiva F, Long House. Scale is
upside-down.

Figure 1.3. Friable red earthen surface finish in Kiva F, Long House. Scale is
upside-down.
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This kiva has been identified as a high priority for treatment by previous park
studies.1 The severity of the disaggregation seen in Kiva F is such that it threatens the
loss of the material if not treated in a timely manner. It is thus relevant to study possible
treatments for this condition, especially consolidation of surface finishes, as that
treatment has not yet been considered for this area. Past studies on the physical and
mechanical effects of consolidation of earthen materials have primarily focused on
structural materials such as mud brick with less research into applied finishes (Chiari,
1987; Agnew, 1990; Chiari, 1990; Coffman, Selwitz and Agnew 1990; Helmi, 1990;
Selwitz, Coffman and Agnew 1990; Oliver, 2000; Selwitz and Oliver, 2002).2
Samples of both plasters and mesa-top soil from representative locations at Mesa
Verde National Park were used in this study. These were characterized for their geotechnical properties, mineralogy, and micromorphology in the case of the plasters and
washes: thickness of finish layers, color, texture, plasticity and particle size distribution.

1

Bass Rivera, A., 1999, Treatment Priority Map of Long House (unpublished).
Chiari, G., 1987, “Consolidation of Adobe with Ethyl Silicate: Control of Long Term Effects Using
SEM”, in 5th International Meeting of Experts on the Conservation of Earthen Architecture, Rome:
ICCROM; Agnew, N., 1990, “The Getty Adobe Research Project at Fort Selden I. Experimental Design for
a Test Wall Project”, in Proceedings of the 6th International Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints, Los Angeles: The Getty Institute; Chiari, G., 1990, “Chemical Surface
Treatments and Capping Techniques of Earthen Structures: A Long-Term Evaluation”, in Proceedings of
the 6th International Conference on the Conservation of Earthen Architecture: Adobe 90 Preprints, Los
Angeles: The Getty Institute; Coffman, R. and C. Selwitz, N. Agnew, 1990, “The Getty Adobe Research
Project at Fort Selden II. A Study of the Interaction of Chemical Consolidants with adobe and Adobe
Constituents”, in Proceedings of the 6th International Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints, Los Angeles: The Getty Institute; Helmi, F. M., 1990, “Deterioration
and Conservation of Some Mud Brick in Egypt”, in Proceedings of the 6th International Conference on the
Conservation of Earthen Architecture: Adobe 90 Preprints, Los Angeles: The Getty Institute; Selwitz, C.
and R. Coffman, N. Agnew, 1990, “The Getty Adobe Research Project at Fort Selden III. An Evaluation of
the Application of Chemical Consolidants to Test Walls”, in Proceedings of the 6th International
Conference on the Conservation of Earthen Architecture: Adobe 90 Preprints, Los Angeles: The Getty
Institute; Oliver, A., 2000, “Fort Selden Adobe Test Wall Project, Phase I, Final Report”, (Personal library
of F. G. Matero, unpublished); Selwitz, C. and A. Oliver, 2002, “Fort Selden Adobe Research Project,
Phase III, Final Report”, (Personal library of F. G. Matero, unpublished).
2
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The possibility of a consolidation treatment was explored with consideration given to
ethyl silicates and gelatin, the latter due to the partial consolidating effect the 5% gelatin
fixative has on the finishes. In order to test these consolidants, replica samples were
designed based on the characterization of the plasters. Treated and untreated replicas
were assessed for color, depth of consolidant penetration, cohesion, and response to wetdry cycling. Variables considered in the experimental program included finish
composition, number of layers and thickness, choice of supports and substrates and
treatment application method.
Theoretical development focused on the study of the following topics:
x

Consolidation, both in broad use and specific to earthen materials. Research
on this topic established an understanding of the characteristics sought in a
consolidant and the types of consolidants that have been tested for use on
earthen materials.

x

Testing methods and experimental design, including research into the most
appropriate tests for the physical properties that were studied before and after
consolidation.

Previous theses on the characterization and conservation of earthen finishes at
Mesa Verde National Park were consulted (Slater 1999, L. Dix 1996, R. Hartzler 1996)3

3

Slater, M. E., 1999, Characterization of Earthen Architectural Surface Finishes from Kiva Q, Cliff Palace,
Mesa Verde National Park, Colorado, Graduate Thesis, Univ. Pennsylvania; Dix, L. A., 1996,
Characterization and Analysis of Prehistoric Earthen Plasters, Mortars, and Paints from Mug House, Mesa
Verde National Park, Colorado, Graduate Thesis, Univ. Pennsylvania; Hartzler, R. L., 1996, A Program of
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as well as the unpublished multi-year conservation report on the architectural surfaces at
Cliff Palace (Matero, Cancino and Fourie, 2002).4 Carr’s thesis on the reattachment of
earthen finishes provided methodological guidelines for replication of surface finishes for
testing and the works of Giacomo Chiari and George Wheeler were consulted for
information on ethyl silicate consolidants and in situ consolidation of earthen materials
The Getty Conservation Institute bibliography on the conservation of earthen materials
has been of enormous general use on the subject.

Investigation and Laboratory Research of Acrylic-Modified Earthen Mortar Used at Three Prehistoric
Puebloan Sites, Graduate Thesis, Univ. Pennsylvania.
4
Matero, F., and C. Cancino, R. Fourie, 2002, “Conservation of Architectural Surfaces Program for
Archaeological Resources: Cliff Palace, Mesa Verde National Park”, (The Architectural Conservation
Laboratory and Research Center, Graduate Program in Historic Preservation, Univ. Pennsylvania,
unpublished).
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Chapter 2: Kiva F, Long House, Mesa Verde National Park
2.1 Mesa Verde National Park
Mesa Verde National Park is located in southwest Colorado, in the so-called
“Four Corners Region,” where its boundaries enclose over 72,000 acres of high terrain
cut by numerous winding canyons.5 The cuesta climbs steeply when approached from
the north (fig. 2.1), quickly reaching its highest elevations at approximately 8400 feet,
then falling gradually to the south.6 Its canyons divide the land into smaller, finger-like
mesas which reach southward toward the Southern Ute Reservation. Weatherhill Mesa,
one such mesa, is the location of the second-largest alcove site in the park, Long House,
which sits in the canyon wall just off of Rock Canyon.7
The climate of Mesa Verde is relatively dry with an average annual precipitation
of 18 inches.8 Precipitation is heaviest in the winter months with January seeing an
average snowfall of 19 inches,9 and in late summer and early fall when warm, wet air
from the south produces frequent showers and thunderstorms during a period known as
the “Southwest Monsoon”.10 Atmospheric relative humidity is generally low and
temperatures are fairly consistent from day to day. The U. S. Weather Bureau station at

5

Hayes, A. C., 1964, “The Archeological Survey of Wetherhill Mesa, Mesa Verde National Park,
Colorado”, Washington, D.C.: National Park Service, U.S. Department of the Interior, 22.
6
Griffitts, M. O., 1990, Guide to the Geology of Mesa Verde National Park, Mesa Verde: Mesa Verde
Museum Association, 32.
7
Griffitts, M. O., 1990, “Geologic Map of Mesa Verde National Park Colorado,” in Guide to the Geology
of Mesa Verde National Park, Mesa Verde: Mesa Verde Museum Association.
8
Erdman, J. A. and C. L. Douglas, J. W. Marr, 1969, Environment of Mesa Verde, Colorado, Washington,
D. C.: National Park Service, U.S. Department of the Interior, 18.
9
Ibid.
10
National Climatic Data Center, 2005, “Climates of the States: Climate of Colorado”, Asheville, North
Carolina: National Climatic Data Center, NOAA Satellite and Information Service, National Environmental
Satellite, Data, and Information Service, 3.
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Chapin Mesa has recorded January as the coldest month with an average temperature of
29° F and July as the warmest month with an average of 72° F and a high of 102° F.
Winter temperatures appear to be more variable than those recorded in the summer.11
Being at a higher elevation than the surrounding landscape, Mesa Verde receives slightly
more precipitation and is in that way better suited for growth of vegetation.

Figure 2.1. Mesa Verde as seen from the North.

In the late 12th century, the farmers who had been living on the mesa tops moved
into the protected alcoves along the canyon walls and remained there until 1280 C.E.
when evidence of their inhabitation stops abruptly.12 The surface finishes that were
applied to the walls of the homes and ceremonial structures that were built during this

11

Erdman, J. A. and C. L. Douglas, J. W. Marr, 18-19.
Fiero, K. “Mesa Verde National Park: Site History”, Architectural Conservation Laboratory & Research
Center, Univ. Pennsylvania, http://www.design.upenn.edu/hspv/mesaverde/mesa_verde.htm.
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period are valued for the insights they offer into their culture. The alcove sites have
drawn visitors from around the globe since even before the park’s designation in 1906.
In 1978 the park was inscribed in UNESCO’s list of World Heritage sites.13 Mesa Verde
is also valued by the many Native American tribes who are descendants of the sites
previous inhabitants.

2.2 Kiva F of Long House
Kiva F is located in the western half of Long House near the back wall of the
alcove and is oriented along a southeast/northwest axis, with the ventilation opening
located in the southeast wall of the kiva (fig. 2.2). Pilasters 4, 5 and 6 are original, with
Pilasters 2 and 3 being conjecturally rebuilt during the Cattanach excavation campaign.
Three niches sit in the northern/northeast wall and an elevated opening in the northwest
wall leads to what appears to have been a recess, but was walled off during the
inhabitation period. A large portion of the southwestern half of the kiva has been rebuilt,
leaving original finishes on the north/northeast walls, areas surrounding the northwestern
opening, and some surfaces along the southern wall. The mortar in the lower two courses
of the banquette is gray and shaley, while the mortar used in the upper sections of the
walls and pilasters is red.14

13
14

ICOMOS, 1978, Advisory Body Evaluation for Mesa Verde Nomination, Paris: ICOMOS, 3.
Matero, F. G., 2007, Long House, Kiva F Description from Fieldbook.
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Figure 2.2. North side of Kiva F showing pilasters 3, 4, 5 and 6. Photograph by John
Hinchman, 2006.

10
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Figure 2.3. Photomontage of Kiva F with architectural elements. Photographs and partial montages by Bhawna Dandona and John Hinchman, 2006.

2.3 Conservation History
Based on historic images it can be seen that the southwestern wall had collapsed
long before the first explorers entered the canyon (fig. 2.3). It appears that Civilian
Conservation Corps (CCC) crews undertook some basic stabilization in the Kiva in 1935,
shoring up a portion of the northwest wall (fig. 2.4). Since these are the only images of
the kiva in an unexcavated state, it is unknown which portions of the kiva were buried
before excavation. The most significant intervention in Kiva F took place in 1959-60
during the excavation and stabilization of Long House by George Cattanach and his team.
Photographs from the Cattanach excavation show the condition of the kiva before
stabilization (fig. 2.5) and after their repair efforts (fig. 2.6). Stabilization work seems to
have focused on the southwest half of the kiva, with most of the southwestern wall being
rebuilt as well as portions of the deflector and southeastern wall and benches. After that
time, the only record of treatment cites compaction of soil on the reconstructed benchtops and floor in 1988-9.15

15

Stabilization Notes, Mesa Verde National Park (unpublished).
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Figure 2.4. Northwest wall and opening in Kiva F before excavation or rebuilding. Source: Mesa Verde
National Park Archives, negative number 0787. Photograph by CCC staff, 1935.

Figure 2.5. Northwest wall of Kiva F after stabilization by CCC crew. Note darkened (wet) mortar joints of
repairs. Source: Mesa Verde National Park Archives, negative number 0788. Photograph by CCC staff,
1935.

13

Figure 2.6. Kiva F as viewed from above, after clearing and before reconstruction by the
Cattanach crew. Source: Mesa Verde National Park Archives, negative number 1629.
Photograph by Werner, August 7, 1959.

14

Figure 2.7. Kiva F as viewed from above, after stabilization by the Cattanach crew.
Source: Mesa Verde National Park Archives, negative number 3250. Photograph by
Wood, June 10, 1960.

2.4 Site Condition
The most noticeable conditions in Kiva F are the salt deposits that can be seen in
the first few courses at the base of the banquette walls and the friability of the finishes in
the upper banquette wall and upper walls. Salt deposits have been noted along the rear
base of Kiva E, the neighboring kiva, as well, and may be related to the water seep that
occurs along the rear of the alcove. This seep is produced when water that has been
passing down from the mesa-top through the porous sandstone reaches the less-porous
shale layer and travels out of the wall instead of through the shale. This is the source of
the spring in the rear of the alcove, which was a likely reason for settlement in this
particular area. The water seep also contributed to the slow formation of the alcove
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through the increased presence of water at this point and the damage that occurs to the
rock as a result. The structures that were built in Long House, while protected by the
generous overhang, are also susceptible to damage from the same forces that created the
alcove long before it was used as shelter. There is evidence in Kiva E that repairs to the
wall base in the rear of the kiva had been made, indicating that the water infiltration and
salt deposit affected the structures during the time of their occupation as well.
The friability of the red finish layer increases from the southeastern opening to the
north side of the kiva, moving in a counter-clockwise direction. In addition to the red
wash, friability is exhibited on an earlier buff-colored plaster and the masonry mortar.
The gray, salt-laden mortar at the base of the kiva is also very friable as are the finishes
on the south-southwest banquette walls. An informal survey conducted of other kivas in
the west side of Long House confirmed the presence of additional friable finishes in the
alcove site. In Kiva E, an early tan layer exhibits friability, although not to the extent of
the red finish in Kiva F. Some finishes of a similar color to the bright red in Kiva F were
found at Long House during this survey, but their friability was not as great.
Factors contributing to decay phenomena in Kiva F may include exposure to the
elements such as rain, snow, sun and wind abrasion. The kiva was observed during a
heavy thunderstorm and very little water entered the kiva. Only a fine mist was felt near
the back of the alcove and no dripping was observed. The kiva’s exposure is least on the
northeast side and greatest on the south and southwest sides, which has a strong
correlation with the amount of original material surviving in those areas. Most of the
remaining original material is found in the better protected areas of the kiva, such as the
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north and northeast portions of the walls. Additionally, exposure after excavation is
known to cause increased damage to the surface finishes16 and may have been at work
possibly since the 1935 stabilization work and certainly by the 1959-60 Cattanach
excavation.

16 Matero, F. G. and C. Cancino, R. Fourie, 2002, Conservation of Architectural Surfaces Program for
Archaeological Resources: Cliff Palace Mesa Verde National Park Philadelphia: Architectural
Conservation Laboratory, Univ. Pennsylvania, 29.
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Chapter 3: Finish and Soil Characterization
3.1 Methodology
Testing began with characterization of the existing surface finishes and substrate
material in Kiva F of Long House in order to better understand possible mechanisms of
decay and important properties of the materials. Existing materials were tested in
conjunction with substituted materials that were used for creating replica samples. These
samples were created to be similar to the original material within the bounds of available
time and materials. The facsimile samples produced were treated with consolidant and
submitted to testing for evaluation and assessment of its effectiveness.
Of primary interest to the characterization of Kiva F finishes and Mesa Verde
soils is particle size analysis and clay species present, as these will affect cohesive
strength through either a lack of binder or the presence of a highly expansive clay,
respectively. Of additional interest are color and layer thickness in order to identify the
finish layers in question.
In researching possible tests for existing finishes, past theses on earthen surface
finish characterization and ASTM guidelines were reviewed. Possible relevant tests were
then placed in a table which includes tested properties, where the test was referenced, the
test description, location of testing, and advantages and disadvantages of each test (Table
3.1). From these, the most relevant and appropriate tests were chosen for inclusion in the
testing program. Importance of properties tested, availability of testing equipment, and
required time was taken into account in evaluating the tests listed.
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After review of previous research methods, five tests were selected for material
characterization (Table 3.2). Optical light microscopy was selected because it is ideal for
viewing micromorphology and especially plaster and wash thickness. It provides a
wealth of information and the equipment and supplies are readily available in the
Architectural Conservation Laboratory. Dry sieving and sedimentation was selected for
use because other methods for determining particle size distribution were more complex
and time consuming to perform. Although the amount of material available for sieving
and sedimentation was not the minimum recommended for these tests, they were
nevertheless deemed acceptable because of the limited practicality of alternate methods.
Additionally, a review of past research into the layer thickness and particle size
distribution of Mesa Verde finishes was compiled in order to provide summary data as a
supplement to these tests. Since color is an important factor in layer identification and
one of the properties that makes these finishes unique, Munsell color matching was
included in the testing program. X-ray diffraction was employed for its ability to identify
clay species semi-quantitatively and was supplemented by reviews of results from
previous X-ray diffraction testing for Mesa Verde sites. These tests were used in
conjunction with field observations to hypothesize possible decay mechanisms at work in
the kiva.
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Presence of
soluble salts
Qualitative soluble
salts analysis
(Teutonico, pp. 5869)
Conductance and pH
(Omega
pH/Conductivity
Pocket Pal Meter and
indicator strips)

Slater, 1999
Dix, 1996

Polarized light
microscopy: bright
and dark field
illumination

Slater, 1999
Dix, 1996
Carr, 2002

Dix, 1996

ACL

ACL

Microscopy lab in
ACL

Table 3.1: Possible Tests for Characterization of Earthen Surface Finishes
Tested
Referenced in
Applied Test
Testing location
Properties
Microscopic
Slater, 1999
Visible light
Microscopy lab in
appearance
Dix, 1996
microscopy: opaque
Architectural
Wells, 2004
cross sections and
Conservation
thin sections;
Laboratory (ACL)
reflected and
transmitted

Can also determine the
stability of clay present
in soil

x

x

x

x

x

x

x

x

x

x

x

x

Equipment is readily
available for cross
sections
Provides information
on layering, color,
texture, particle size
and shape, abundance
of coarse particles,
degree of sorting,
particle shape, porosity,
surface texture, and
related distribution
Equipment readily
available
Basic analysis can be
performed with
minimal training
Relatively low cost for
investigation
Can help determine
deterioration
mechanisms

x

Test strips currently in
laboratory are of
unknown age
Test strips are
expensive
Conductivity meter
may malfunction,
readings are less
reliable

Training is necessary
for full utilization of
polarized light
microscopy

Thin section
preparation is
expensive and time
consuming
Only general
information is given for
ratio of coarse to fine
material

Disadvantage

Advantage
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Fourier transfer
infrared spectroscopy
Sieving and
sedimentation
(ASTM D 422-63,
Teutonico 18A)

Slater, 1999
Wells, 2004

Dix, 1996
Carr, 2002
Head, 1992

Functional
group
identification
Particle size
distribution

Chemical spot tests

Dix, 1996

Pigment
composition

Scanning electron
microscopy (SEM)
with energy
dispersive x-ray
microanalysis (EDS)

Slater, 1999
Dix, 1996
Wells, 2004

Elemental
profile

ACL

Philadelphia
Museum of Art

ACL

LRSM

Table 3.1: Possible Tests for Characterization of Earthen Surface Finishes
Tested
Referenced in
Applied Test
Testing location
Properties
Clay
Slater, 1999
X-ray diffraction
Laboratory for
mineralogy
Dix, 1996
research on the
Wells, 2004
structure of matter
(LRSM)

Identification of
materials present in
sample
Availability of
equipment

x

x

x

x

Highly magnified
image of sample
provided
Elemental analysis can
be mapped in specific
locations on the sample
--

x

x

x

x

x

x

x

x

x

x

Clay mineralogy can be
identified

x

Pigment compositon
may not be necessary
for this study
Interpretation can be
time consuming
Expensive
Large quantity of
sample material
required

Interpretation of results
is necessary, requiring
a high level of skill that
is not available at
LRSM
Learning interpretive
skills will take time
Difficult to discern
presence of clays that
do not comprise a high
proportion of material
Expensive
Expensive procedure

Disadvantage

Advantage
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Plasticity

Charola, 2006
Pingaron-Alvarez, 2006
Meyers, 2006
(personal
correspondence)
Dix, 1996
ASTM D 4318-84,
Teutonico, pp. 102110

Microscopy:
measuring and
counting with thin
section

ACL

Microscopy Lab

Table 3.1: Possible Tests for Characterization of Earthen Surface Finishes
Tested
Referenced in
Applied Test
Testing location
Properties
ASTM, 1996 (Testing
Multiple sieve and
-of paint films, ASTM D analysis
3451)
Vacuum sieve
analysis
Sonic sifter analysis
Electronic counting
analysis
ASTM, 1996
Agitated sieving
-(Standard guide for
Electrolyte
significance of particle
conductivity
size measurements of
Laser scattering
coating powders,
Sedimentation/x-ray
ASTM D 5861-95)
absorption
Mercury porosimetry
Matero, 2006
Bioquant
Microscopy Lab
(personal
correspondence)
Microscopes are readily
available
Software is available

Microscopes are readily
available

Availability of
equipment

x

x

x

x

May provide alternative
to sieve analysis

x

x

x

x

x

x

x

x

x
x

May provide alternative
to sieve analysis

x

Large quantity of
sample material
required

Would require much
training and
investigation
Would need to be
calibrated with samples
of known particle size
distribution
Unknown applicability
Time consuming
procedure
One month delay while
thin section is prepared

Unknown procedures

Unknown procedures
May require
unavailable equipment,
complicated testing, or
be inappropriate for this
situation

Disadvantage

Advantage
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Carr, 2002

Chemical test for
calcium (Odegard,
Carrol and Zimmt pp.
100-103)
Chemical test for
carbonates
ACL

Clay mineralogy

Particle size
distribution

Micromorphology and
especially plaster/wash
thickness and color

X-ray diffraction of glycolated samples.
May be performed at alternate location such as New
Mexico Bureau of Geology and Natural Resources.

Plaster thickness measurements with electronic digital
caliper
Munsell color identification
Dry sieving (ASTM D 422, Teutonico 18A)

Visible light microscopy

Table 3.2: Tests Selected for Characterization of Earthen Surface Finishes
Property Tested
Applied Test

Calcium
carbonate
presence

Table 3.1: Possible Tests for Characterization of Earthen Surface Finishes
Tested
Referenced in
Applied Test
Testing location
Properties
Color
Dix, 1996
Munsell soil color
ACL
Carr, 2002
charts

1

4
2

4

# of
Samples
3

x

x

Red finish samples from Kiva F
100 g of Long House soil,
10 g of Kiva F red surface finish
composed of samples M-20 and M-01
6 g of powdered original red finish

Portion of samples of original red finish
from Kiva F (samples M-01, M-02 &
M-08). Samples must be embedded.
Red finish samples from Kiva F

Sample Description

x

x

2 days

1 day
1 week

1 day

Time
Required
1 week

May not be necessary
Time consuming
procedure
Color analysis is
subjective
May not be necessary

x
x

x

Assign standardized
color numbering to
samples
Availability of
equipment
Materials readily
available

Disadvantage

Advantage

3.2 Micromorphology

3.2.1 Stratigraphy
Several samples were taken from various wall sections of Kiva F, confirming a
complex building program evident on site for Kiva F. The red wash appears to have been
the last finish applied to the walls over a thicker tan leveling plaster. The finishes from
Kiva F were measured in order to determine the total thickness of the tan plaster and the
red wash as a guide in making facsimile samples. Four samples were measured using an
electronic digital caliper. Measurements were generally taken at the thickest area,
thinnest area and an area of medium thickness. If a sample consisted of several
fragments, two or three were measured. Plaster thicknesses are listed in Table 3.3 and
summarized in Table 3.4.

24

Table 3.3: Plaster Thickness Measurements
Sample
Thickness Mean
Standard
(mm)
Thickness Deviation
M-01
Frag. 1
4.40
4.12
1.09
5.05
2.92
Frag. 2
4.80
4.44
0.51
4.08
M-02
Frag. 1
14.34
9.10
5.04
8.67
4.28
Frag. 2
4.96
4.96
-M-08
Frag. 1
9.22
6.13
2.64
7.17
5.00
3.12
M-20
Frag. 1
7.23
5.44
2.33
7.32
4.79
2.41
Frag. 2
5.31
4.66
0.96
5.11
3.56
Frag. 3
4.20
4.20
-Table 3.4: Plaster Thickness Data Summary
Mean (mm)
Standard
Median (mm)
Deviation
5.62
2.69
4.96

Maximum (mm)

Minimum (mm)

14.34

2.41

The mean plaster thickness found is 5.62 mm, with the median thickness being
4.96 mm, maximum being 14.34 mm, and minimum found being 2.41 mm. These
findings are similar to observations made by C. Silver and J. Gens that listed the plaster
thickness as varying from 3 – 13 mm.17

17

Silver, C. S. and J. Gens, 1985, MV 1200 – Long House, Kiva F, Survey of Architectural Plaster: Mesa
Verde National Park, 3.
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3.2.2 Munsell Color Matching
Since the finishes under study may be identified by color, color identification was
also performed using the Munsell Soil Color Charts (fig 3.1). On most samples, more
than one finish color was visible, in which case all colors were described and matched to
their Munsell equivalents. Samples were viewed under bulk observation with
microscopic observation used when necessary to supplement findings. The colors most
often identified were bright red/orange (5YR 6/6), light red/orange (5YR 7/4 or 7/5), and
light yellow/cream (10YR 8/3 or 8/2). Also found were a gray (2.5YR 4/0) and light
orange/brown (7.5YR 6/4).
Table 3.5: Munsell Color Matching by Bulk and Microscopic Observation of Samples
Sample
Layer
Color Description
Munsell Color
M-01
1 (top)
Bright red/orange
5YR 6/6
2
Light red/orange
5YR 7/4
Inclusions
Light yellow/cream
10YR 8/2
M-02
1 (top)
Bright red/orange
5YR 6/6
2 (lowest)
Light red/orange
5YR 7/5
3 (lowest)
Light gray
10YR 7/1
M-08
1 (top)
Light yellow/cream
10YR 8/3
2
Bright red/orange
5YR 6/6
3
Gray (soot)
GLEY 4/5PB
4 (lowest)
Light orange/brown
7.5YR 6/4
M-20
1
Bright red/orange
5YR 6/6
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Figure 3.1. Munsell color identification of Kiva F plaster.

3.2.3 Visible Light Microscopy
Samples were embedded in Ward’s™ BioPlast Liquid Casting Plastic, cut using a
Buehler® Isomet® micro-saw, polished and mounted on microscope slides. Three
samples were embedded for visible light microscopy: M-01, taken from the upper wall
between Pilasters 4-5; M-02, taken from the upper banquette; and M-03 taken from over
the lintel in the upper wall between Pilaters 3-4. Cross sections of the samples were cut
at a speed setting of 6 with Stoddard® solvent as a lubricant. They were then mounted on
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glass microscope slides with Cargille Meltmount™ that had been heated and dabbed onto
the slide before applying the polished sample.
Because of the high friability of the samples, some difficulty was encountered in
maintaining the cohesion of samples through cutting and polishing. Therefore, polishing
was only performed on a few of the samples, with most being left unpolished after
cutting.
Sample M-03 proved to be representative of all three samples, with three layers
observed: the first being a dark red/orange layer on the top, the second a light red/orange,
and the third a thick gray incomplete layer, probably from the mortar join (table 3.6, fig.
3.2). Short microcracks throughout the matrix of the red/orange layers suggested the
mechanism of friability (table 3.7, fig. 3.4), while longer microcracks indicated areas
where flaking was developing (table 3.8, fig. 3.3). The most visibly friable layer
appeared to be the top, dark red/orange layer with the second, lighter red/orange layer
exhibiting some friability as well. The particle size distribution of all the layers appeared
to be well sorted with the gray layer possessing the largest aggregates and the top red
layers possessing the finer aggregates. The top dark red/orange layer also appeared to
have the highest ratio of aggregates to fines. These findings were in accordance with
other analyses identifying the gray layer as a mortar and the red layers as plasters/washes.
Since no sooting was visible between layers, it could not be determined if any of the
layers served as a top, finish layer before subsequent layers were applied.
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Table 3.6: Visible Light Microscopy, Kiva F, Long House (5MV1200), Mesa Verde National Park
Sample Number
M-03
Sample Location
Over the lintel in the upper wall between pilasters three and four
Date Sampled
August 30, 2006
Magnification
17x
Type of Illumination
Reflected, quartz halogen
Microscope
Leica MZ 16 Stereomicroscope
Camera and Settings
Olympus Camedia C-5060 Wide Zoom, 400 ISO, macro focus
Photomicrograph Figure Number
Figure 3.2

Support: Mortar or sandstone (unknown)
Layer
Location Color
Description
1
Top
Bright
Well sorted. Higher percentage of coarse aggregate than Layer
red/orange
2. Visible lack of cohesion. Some microcracking visible.
5YR 6/6
Particle shape is subangular and sphericity is elongate to
subequant.
2
Middle
Light red/
Well sorted. More cohesive than Layer 3. Particle shape is
orange 5YR 7/4
subrounded and sphericity is primarily subelongate.
3
Lowest
Gray
Possibly mortar substrate. Gray matrix with coarse, well-sorted
2.5 YR 4/0
aggregate, yellow inclusions of clay and gray shaley inclusions,
possibly charcoal. Particle shape is subangular; sphericity is
elongate to equant.
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Table 3.7: Visible Light Microscopy, Kiva F, Long House (5MV1200), Mesa Verde National Park
Sample Number:
M-03
Sample Location:
Over the lintel in the upper wall between pilasters three and four
Date Sampled:
August 30, 2006
Date of Analysis:
March 16, 2007
Magnification:
50x
Type of Illumination:
Reflected, quartz halogen
Microscope:
Nikon Optiphot2-pol Compound Microscope
Camera and Settings:
Olympus Camedia C-5060 Wide Zoom, 400 ISO, macro focus
Photomicrograph Figure Number:
Figure 3.3

Support: Mortar or sandstone (unknown)
Layer
Stratigraphic Color
Location
1
Top
Bright
red/orange
5YR 6/6
2

Middle

Light
red/orange
5YR 7/4

Description
Higher percentage of coarse aggregate than Layer 2. Visible
lack of cohesion. Microcracking readily visible in the matrix.
Particle shape is subangular and sphericity is elongate to
intermediate shaped.
More cohesive layer than top (Layer 1). Minor microcracking
visible in the matrix. Particle shape is subrounded and
sphericity is primarily subelongate.
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Table 3.8: Visible Light Microscopy, Kiva F, Long House (5MV1200), Mesa Verde National Park
Sample Number:
M-03
Sample Location:
Over the lintel in the upper wall between pilasters three and four
Date Sampled:
August 30, 2006
Date of Analysis:
March 16, 2007
Magnification:
50x
Type of Illumination:
Reflected, quartz halogen
Microscope:
Nikon Optiphot2-pol Compound Microscope
Camera and Settings:
Olympus Camedia C-5060 Wide Zoom, 400 ISO, macro focus
Photomicrograph Figure Number:
Figure 3.4

Support: Mortar or sandstone (unknown)
Layer
Stratigraphic Color
Location
2
Middle
Light red/orange
5YR 7/4
3
Lowest
Gray
2.5 YR 4/0

Description
Particle shape is subrounded and sphericity is primarily
subelongate.
Possible mortar substrate. Gray matrix with coarse, wellsorted aggregate, yellow blebs of clay and gray shaley
inclusions, possible charcoal. Particle shape is subrounded
and sphericity is primarily subelongate.
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3.3 Particle Size Distribution
Prior to testing, existing data on the particle size distribution of earthen materials
at Mesa Verde were compiled and summarized in Table 3.9. The data were divided by
material type into soils, mortars, plasters, and washes. Results from unspecified materials
are also listed but no summary data were calculated. Results were obtained by dry
sieving, sedimentation or microscopic observation. The mean particle size distribution
for the soils studied was a sand to silt and clay (fines) ratio of 62:38. The sand to fines
ratio for plasters had slightly less sand with a mean ratio of 54:46, while washes
contained significantly more fine material with a mean sand to fines ratio of 16:84.
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Table 3.9: Particle Size Distribution of Earthen Materials at Mesa Verde
Material
% Sand

% Silt

% Clay

(4.75 mm
–75 m)

(75 m
– 2 m)

(<2 m)

Bandelier Garcia Landscape Materials Blend Soil (Zinn, 2005)
Chaco BLM Quarry Soil (Zinn, 2005)
Salinas Mountainair Local Quarry Soil (Zinn, 2005)
Mesa Verde Adobe Cave Soil (Dix, 1996)
Aztec Ruins Blend Soil (Hartzler, 1996)
Mesa Verde Red Soil (Hartzler, 1996)
Mesa Verde Yellow Soil (Hartzler, 1996)
Chaco Canyon BLM Quarry Soil (Hartzler, 1996)
Ute Reservation Quarry Soil (Carr, 2002)
Mesa Verde Mesa-top Soil from Vicinity of Helipad (Carr, 2002)

81
62
48
5
65
30
55
40
64
36

11
17
34
65
20
43
35
36
36
64

8
21
18
30
15
17
10
24

Mean (with silt & clay separated, not including Carr data)
Mean (combining silt & clay)
MORTARS

65
62

16
38

19

Mug House, Room 28 Mortar (Dix 1996)

40

31

29

Cliff Palace, Kiva C Plaster, Mug House (Dix 1996)
Cliff Palace, Kiva Q, Sample 3, extruded smooth plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 4, extruded smooth plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 6, Near Joint, possibly extruded smooth plaster (Slater,
1999)
Cliff Palace, Kiva Q, Sample 6 from pilaster 3, layer 1, buff Plaster (Slater, 1999)

49
87
90
57

21
13
10
43

30

60

40

Cliff Palace, Kiva Q, Sample 10 from upper kiva wall recess, layer 1, buff Plaster
(Slater, 1999)
Cliff Palace, Kiva Q, Sample 10 from upper kiva wall recess, layer 2, buff Plaster
(Slater, 1999)
Cliff Palace, Kiva Q, Sample 10 from upper kiva wall recess, layer 4, buff Plaster
(Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 1, buff
Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 4, tan
Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 10, tan
Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 13 from banquette, layer 1, buff Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 13 from banquette, layer 2, buff Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 13 from banquette, layer 4, buff Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 18 from banquette, layer 1, buff Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 18 from banquette, layer 3, buff Plaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 3 from wall, layer 1, leveling Plaster (Matero, Cancino,
Fourie, 2002)
Cliff Palace, Kiva Q, Sample 41 from pilaster 2, layer 1, leveling Plaster (Matero,
Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 46 from wall, layer 1, leveling Plaster (Matero, Cancino,
Fourie, 2002)
Cliff Palace, Kiva Q, Sample 38 from stone, layer 1, leveling Plaster (Matero, Cancino,
Fourie, 2002)

60

40

50

50

40

60

50

50

50

50

50

50

60
50
40
50
60
31

40
50
60
50
40
69

42

58

50

50

53

47

54

46

50
5
40
5
50

50
95
60
95
50

SOILS

PLASTERS

Mean (combining silt and clay for all)
WASHES
Cliff Palace, Kiva Q, Sample 6 from pilaster, layer 3, tan Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 6 from pilaster, layer 5, red Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 6 from pilaster, layer 7, buff Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 10 from recess, layer 3, white Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 10 from recess, layer 6, buff Wash (Slater, 1999)
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Table 3.9: Particle Size Distribution of Earthen Materials at Mesa Verde
Material
% Sand

% Silt

% Clay

(4.75 mm
–75 m)
0

(75 m
– 2 m)
100

(<2 m)

0

100

0

100

50

50

0

100

5

95

5

95

0

100

5
50
0

95
50
100

5

95

16

84

0
38
31
16
75
31
69
0
58
0
0
100
74
50
56
51
56
53
66
51
52
87
62
63
88
100
8
19
22
50
73
33.3
77

100
62
69
84
23
69
31
100
42
100
100
0
26
50
44
49
44
47
34
49
48
13
38
37
12
0
92
81
78
50
27
66.7
23

Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 2,
red/orange Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 6,
orange/red Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 7,
white Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 8,
white Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 9,
brown Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 11,
brown Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 12, red
Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11 from junction of banquette and pilaster 3, layer 13,
brown Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 13 from banquette, layer 3, white Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 13 from banquette, layer 6, buff Wash (Slater, 1999)
Cliff Palace, Kiva Q, Sample 18 from banquette, layer 2, orange/buff Wash (Slater,
1999)
Cliff Palace, Kiva Q, Sample 18 from banquette, layer 4, red/orange Wash (Slater,
1999)

Mean
UNSPECIFIED
Cliff Palace, Kiva Q, Sample 1, layer 3 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 1, layer 4 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 1, layer 5 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 1, layer 6 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 1, layer 7 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 1, layer 8 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 3, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 3, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 41, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 41, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 41, layer 3 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 41, layer 4 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 3 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 4 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 5 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 6 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 19, layer 7 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 27, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 27, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 27, layer 3 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 27, layer 4 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva K, Sample 23, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Room 121, Sample 2, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Room 121, Sample 2, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Room 121, Sample 2, layer 3 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Room 121, Sample 4, layer 1 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Room 121, Sample 4, layer 2 (Matero, Cancino, Fourie, 2002)
Cliff Palace, Kiva Q, Sample 2 (Slater, 1999)
Cliff Palace, Kiva Q, Sample 5, from stone (Slater, 1999)
Cliff Palace, Kiva Q, Sample 7, right side of pilaster (Slater, 1999)
Cliff Palace, Kiva Q, Sample 8, recess (Slater, 1999)
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Table 3.9: Particle Size Distribution of Earthen Materials at Mesa Verde
Material
% Sand

% Silt

% Clay

(4.75 mm
–75 m)
60
70
77

(75 m
– 2 m)
40
30
23

(<2 m)

70

30

66.7
53
90
83
83
93

33.3
47
10
17
17
7

70

30

73
66.7

27
33.3

Cliff Palace, Kiva Q, Sample 9, recess (Slater, 1999)
Cliff Palace, Kiva Q, Sample 10, recess (Slater, 1999)
Cliff Palace, Kiva Q, Sample 11, juncture of banquette lip and pilaster bottom (Slater,
1999)
Cliff Palace, Kiva Q, Sample 12, not a complete cross section, but includes white
(Slater, 1999)
Cliff Palace, Kiva Q, Sample 13, over mortar joint (Slater, 1999)
Cliff Palace, Kiva Q, Sample 14, decorative band (lower) (Slater, 1999)
Cliff Palace, Kiva Q, Sample 16, below decorative band (red dado) (Slater, 1999)
Cliff Palace, Kiva Q, Sample 17, juncture of kiva wall and floor (Slater, 1999)
Cliff Palace, Kiva Q, Sample 18, two chunks: 18a, 18b (Slater, 1999)
Cliff Palace, Kiva Q, Sample 19, right wall, 4” in, and mortar from rear stone (Slater,
1999)
Cliff Palace, Kiva Q, Sample 20, right wall inner lip before stone inset (1” in) (Slater,
1999)
Cliff Palace, Kiva Q, Sample 21, over rear bottom mortar joint (Slater, 1999)
Cliff Palace, Kiva Q, Sample 22, left wall, from stone (Slater, 1999)

Tests for particle size distribution by dry sieving were performed using a standard
sieve stack with sieves measuring 2.36 mm, 1.18 mm, 600 m, 300 m, 150 m, and 75
m. Sieving was performed according to ASTM D 422 for Kiva F finishes and soil from
the mesa-top above Long House. Sedimentation procedures for fine particle size
distribution were attempted but were not effective due to the limited amount of material
available (approximately 6 g). The finishes used for particle size analysis were taken
from samples M-20 and M-01 which contained a large amount of red wash and buff
plaster (fig. 3.5). Other layers were removed from the samples before crushing and
sieving. Soil from the mesa-top above Long House was taken from just below the
surface. By comparing the distribution curves of the two samples it can be observed that
the plaster from Kiva F contains an almost equal ratio of sand to fines while the soil from
the mesa-top above Long House contains a higher ratio of sand to fines (charts 3.1, 3.2).
According to test results, Kiva F plasters are composed of a 53:47 ratio of sand to fines
while soil from the mesa-top above Long House has a ratio of 74:26 sand to fines. In
35

comparison to previous findings for particle size distribution of finishes, the Kiva F
finishes are very similar to the mean results. These findings and comparative data are
listed in Table 3.10.
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Figure 3.5. Sample M-01, taken from an area of thick application of the dark red/orange
finish layer. This sample was crushed and sieved for particle size analysis.
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Kiva F - Plaster and Long House Soil
Particle Size Distribution by Dry Sieving
100.00%
90.00%
80.00%

60.00%
50.00%
40.00%

Percent Finer

70.00%

30.00%
20.00%
10.00%
0.00%
10000

1000

100

10

Particle Size (in micrometers)

1
Kiva F Plaster
Long House Soil

Chart 3.1. Particle size distribution of Kiva F red washes and buff plaster and Long House
mesa-top soil by dry sieving.
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Table 3.10: Particle Size Analysis Findings and Comparative Data
Material
Sand : Silt and Clay
16% : 84%
Mesa Verde Wash Mean

Sand
16%

Silt & Clay
84%

Kiva F Red Wash and
Plaster

53% : 47%
Silt & Clay
47%

Mesa Verde Plaster Mean

54% : 46%
Silt & Clay
46%

Long House Soil

Sand
53%

73.5% : 26.5%

Sand
54%

Silt & Clay
26.5%

Sand
73.5%

Mesa Verde Red Soil

30% : 70%

Sand
30%

Silt & Clay
70%

“Four Corners” Region Soil
Mean

67% : 33%
Silt & Clay
33%

Sand
67%
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3.4 Clay Mineralogy
Crystalline materials may be analyzed using x-ray diffraction (XRD) in order to
determine their atomic structure which can be used to identify the compounds present in
the sample. By bombarding a powdered sample with X-ray energy, a diffraction
spectrum is produced as the X-ray exits the sample. This spectrum is then compared to a
database of known spectra and likely matches are made. The plasters from Kiva F were
analyzed with XRD to identify mineral phases including clay species present. This
information was sought to provide some insight into the finishes’ performance including
hydric and hygric behavior as well as to the potential response to consolidation.
Previous XRD analysis for mineralic clays at Mesa Verde and related sites was
compiled in order to establish an expected set of findings (Table 3.11). As with particle
size distribution, the results are divided by material tested—soils, mortars, and finishes
(plasters and washes). Based on these findings, the typical soil fines tested contained
80% kaolinite, 10% illite and 10% smectite. Mortar fines contained a mean composition
of 50% kaolinite, 20% illite, 10% smectite and 30% illite/smectite mixed. The mean
results for plasters and washes was similar to that of soils with a majority of the clays
being kaolinite at 80% and lesser amounts of illite (20%) and illite/smectite mixed layer
clays (10%).
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Table 3.11: Previous Results from XRD for Clay Mineralogy for Mesa Verde
Material
Kaolinite Illite
Montmor Illite/
illonite
Smectite
mix
SOILS
Aztec Ruins Soil Blend (Hartzler,
1996**)
Chaco Canyon BLM Quarry Soil
(Hartzler 1996)
Chaco Canyon South Gap Soil
(Hartzler, 1996)
Mesa Verde Soil Blend (Hartzler,
1996)
Mean (at 10% intervals)

Other

80%

10%

10%

0

Quartz, Calcite

70%

10%

10%

10%

Quartz

90%

0

0

Trace

Quartz

70%

20%

10%

0

80%

10%

10%

0%

Quartz, Calcite
Dolomite
N/A

70%

10%

0

20%

Quartz

30%

20%

10%

40%

50%

20%

10%

30%

Calcite, Some
Unknown
--

80%

20%

0

Trace

Gypsum, Quartz

0

0

0

0

Mesa Verde, Kiva Q, Cliff Palace,
Plasters and Washes (Matero,
Cancino, Fourie, 2002***)

Yes

0

0

Yes

Mesa Verde, Kiva K, Cliff Palace,
Plasters and Washes (Matero,
Cancino, Fourie, 2002)

70%

20%

0

10%

Mesa Verde, Room 121, Cliff
Palace (Matero, Cancino, Fourie,
2002)
Mesa Verde, Room 64, Cliff
Palace (Matero, Cancino, Fourie,
2002)
Mean (at 10% intervals)

N/A

N/A

N/A

N/A

Nitratine
(NaNO3)*,
Rosickyte (sulfur)*
Calcite, Feldspars,
Hematite, Quartz,
Plagioclase
Feldspar,
Nitrate Sulfur*
Calcite, Quartz,
Dolomite,
Orthoclase
Feldspar
N/A

N/A

N/A

N/A

N/A

N/A

80%

20%

0

10%

N/A

MORTARS
Mesa Verde, Mug House, mortar
(Dix 1996**)
Mesa Verde, Kiva Q, Cliff Palace,
Mortar (Slater 1999**)
Mean (at 10% intervals)
PLASTERS AND WASHES
Mesa Verde, Mug House, Plaster
(Dix, 1996)
Mesa Verde, Kiva Q, Cliff Palace,
Plaster (Slater 1999)

*Possibly from blasting by pot hunters
**All clay mineralogy analysis for R. Hartzler, M. Slater and L. Dix performed by Dr. George Austin at the New Mexico Bureau of
Mines and Mineral Resources.
***All clay mineralogy analysis for F. G. Matero, C. Cancino and R. Fourie performed at the Laboratory for Research on the
Structure of Matter at the University of Pennsylvania
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The < 75 m portion of sieved plasters from Kiva F (samples M-01 and M-20)
were tested by The Mineral Lab, Inc.® in Lakewood, Colorado for X-ray diffraction
analysis of silt and clay-size fractions of the sample. The < 75 m portion of the sample
was ground to approximately -400 mesh, and scanned in a range of 3-61° 2. Results of
crystalline materials found are listed in Table 3.12.
Table 3.12: Materials found with XRD Bulk Analysis
Mineral
Approximate % by Weight
Illite/Smectite Mixed Layer Clay
>60
Quartz
10
Halite
<5
Hematite
<3*
K-Feldspar
<3*
Amorphous (non-crystalline)
<25
Unidentified
<5
* Only partial confidence can be given to these results.

The < 2 m fraction of the sample was then separated out by sedimentation, and
rolled onto an oriented mount. It was scanned in a range of 2-62° 2, then treated with
glycol and re-scanned in a range of 2-22° 2 in order to measure the relative expansion of
the clay size fraction. Resulting measurements were used to identify the clay minerals
present and the relative amounts, as listed in Table 3.13. The clays found were mixed
layers of illite/smectite, an unusual composition for a Mesa Verde site.
Table 3.13: Materials found with XRD Analysis of Clay-size Fraction
Mineral
Approximate % by Weight
Illite/Smectite Mixed Layer Clay
>90
Quartz
<5
Kaolinite
<5*
Unidentified
<5
* Only partial confidence can be given to these results.
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3.5 Diagnosis and Assessment
Mortars, plasters and washes appear to have been formulated according to their
use – with the highest percentage of aggregates in the mortar, less in plasters, and the
least in the washes. Similarly, the highest percentage of fines was found in the washes,
and next in the plasters. Deterioration of the plasters and washes as disaggregation and
flaking in Kiva F appears to be related to exposure caused by a combination of location,
protection, and climate. Although the relative humidity of the region remains fairly low
and it seems that little liquid moisture makes its way into the kiva through precipitation
or rising damp, surface condensation through oscillations across the dew point may be the
possible source of the observed damage over time. Additionally, it is possible that during
the winter months the relatively high amounts of precipitation received at Mesa Verde
may settle on the exposed surfaces as wind-driven rain or snow. With the average
temperature at 29°F in the month of January, the greater fluctuation in temperature during
the winter months, and the orientation of the site allowing sun exposure during that time
as well, it seems likely that damage from freeze-thaw cycling would occur. Salts are also
evident, especially along the rear of the alcove where the seep transports salts into the
lower sections of the kiva walls. The location of the finishes within the kiva also has an
effect on their condition, since greater friability has been noted in the areas with the
greatest exposure (ie. where the kiva walls do not offer protection). This indicates that
there is a correlation between finish friability and the degree of exposure it receives,
through thermal and moisture cycling.
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Lastly, the composition of the finishes with their high clay content contribute to
differential expansion and contraction, especially in response to hydric and hygric cycling
resulting in microcracking and decohesion. This is visible in situ as sugaring upon touch
and at low magnification as microcracking throughout the upper matrix of the uppermost
layer.
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Chapter 4: Consolidation Treatment
4.1 Properties Sought in Consolidants for Earthen Materials
The identification of ideal properties for consolidants has evolved since the
earliest attempts to apply them to works of art and architecture.18 Guidelines for
consolidant selection and the consolidation of stone have been produced by ASTM
International,19 and the selection of treatments and materials has been a topic of
discussion at the Dahlem Workshop on the Conservation of Historic Stone Structures.20
The consolidation of earthen materials presents some additional and particular
problems that must also be addressed when selecting a consolidant. By including these
issues in the selection criteria, an expanded list of ideal consolidant properties was
established. The following is a compilation of properties listed in several sources where
either stone or earthen materials have been the subject of consolidation.
An ideal consolidant of earthen materials should:
x

Have a maximum depth of penetration.21

x

Penetrate evenly into the microstructure of the material being consolidated.22

x

Possess a very low viscosity to allow thorough penetration.23

18

Rathgen, F., 1905, The Preservation of Antiquities: A Handbook for Curators, Translated by Auden, G.
A., and Auden, H. A., Cambridge: University Press, 81-86.
19
ASTM E2167-01, 2001, “Standard Guide for Selection and Use of Stone Consolidants”, ASTM
International.
20
Baer, N.S. and R. Snethlage, eds., 1996, Report of the Dahlem Workshop on Saving Our Architectural
Heritage: The Conservation of Historic Stone Structures Berlin, March 3-8, 1996.
21
Searls, C. L. and D. P. Wessel, 1995, “Guidelines for Consolidants”, APT Bulletin, 26(4), 41-44.
22
Laurenzi Tabasso, M., 1995, “Acrylic Polymers for the Conservation of Stone: Advantages and
Drawbacks”, APT Bulletin, 26(4), 17-21.
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x

Be prepared in a dilute solution in order maximize penetration.24

x

Grade into untreated areas rather than have an abrupt boundary.25

x

Not form films on the surface which can block further penetration.26

x

Solidify after an appropriate amount of time.27

x

Have good bonding between constituent materials, improving the overall
cohesion of the material.28

x

Enable improved mechanical resistance to both interior and exterior stresses
on the porous structure.29

x

Not be water-borne in order to avoid expanding clays, closing capillary pores
and weakening the form if applied over a prolonged period of time.30

x

Be carried in organic solvents, which will not swell clays.

x

Be carried in solvents with low volatility, to allow for slow evaporation and
thus deeper penetration.31

x

Have a limited effect on water vapor transmission.32

23

Agnew, N. and F. Preusser, J. R. Druzik, “Strategies for Adobe Preservation: The Getty Conservation
Institute Research Program”, in 5th International Meeting of Experts on the Conservation of earthen
Architecture, Rome, 22-23 / X / 1987, Rome: ICCROM, 7.
24
Selwitz, C. and R. Coffman, N. Agnew, 1990, “The Getty Adobe Research Project at Fort Selden III: An
Evaluation of the Application of Chemical Consolidants to Test Walls”, in Proceedings of the 6th
Intermational Conference on the Conservation of Earthen Architecture: Adobe 90 Preprints: October 1419, 1990, Las Cruces, New Mexico, USA. Los Angeles: Getty Conservation Institute, 260.
25
Agnew, N. and F. Preusser, J. R. Druzik, 7.
26
Chiari, G. 1990, “Chemical Surface Treatments and Capping Techniques of Earthen Structures: a LongTerm Evaluation”, in Proceedings of the 6th Intermational Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints: October 14-19, 1990, Las Cruces, New Mexico, USA. Los Angeles:
Getty Conservation Institute, 267.
27
Laurenzi Tabasso, M., 1995, 17-21.
28
Ibid
29
Ibid
30
Agnew, N. and F. Preusser, J. R. Druzik, 7.
31
Ibid
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x

Have a limited effect on liquid water transmission.

x

Not be highly hydrophobic in order to allow liquid and water vapor
transmission.33

x

Leave pores and capillaries open.34

x

Have a similar coefficient of thermal expansion between consolidant and
material being consolidated.35

x

Have high elasticity (low modulus of elasticity) in order to maintain cohesion
with clays as they expand and contract through environmental exposure to
moisture.

x

Produce limited change in appearance, in both color and gloss.36

x

Remain stable when exposed to both oxygen and UV radiation.37

x

Not increase susceptibility to soiling.38

x

Have a good lifetime of treatment effectiveness.39

x

Be reversible or allow for retreatment.

x

Be inexpensive and easy to apply.40

x

Not be harmful to those applying it.41

x

Not be harmful to the environment.

32

Searls, C. L. and D. P. Wessel, 41-44.
Agnew, N. and F. Preusser, J. R. Druzik, 7.
34
Chiari, G. 1990, 267.
35
Searls, C. L. and D. P. Wessel, 41-44.
36
Ibid
37
Laurenzi Tabasso, M., 17-21.
38
Searls, C. L. and D. P. Wessel, 41-44.
39
Ibid
40
Agnew, N. and F. Preusser, J. R. Druzik, 8.
41
Chiari, G., 1990, 267.
33
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While it was not expected that all of these properties could be met by one
consolidant, this list may act as a guide when selecting and evaluating consolidants for
earthen materials. Of particular interest for Mesa Verde was the improvement of
cohesive strength; the suitability of the consolidant for clays, such as limited swelling
upon application of the consolidant or elasticity of the consolidant to allow for swelling
of clays; limited change in appearance since the bright red color of the finish is rare; and
retreatability. Additionally, consultation with local and regional Native American tribes
has resulted in an agreement that use of synthetic materials will be limited as much as
possible.
Retreatability was the focus of consideration here, since it is likely that additional
treatments will be administered to the site when its entire lifespan and limitations of
environmental control are taken into account.42 For retreatability with consolidation, the
primary concerns were that the consolidant would alter the porous structure of the
material by filling and blocking water movement, and that it would over-strengthen the
treated area, causing a steep gradient in mechanical properties between treated and
untreated areas, increasing the risks of spalling or detachment.

4.2 Consolidants Used on Earthen Materials
A literature review of the past 20 years (1987 to 2007) was conducted to identify
the consolidants that have been used on earthen materials as well their application

42

Charola, A. E. and A. Tucci, R.J. Koestler, 1986, “On the Reversibility of Treatments with
Acrylic/Silicone Resin Mixtures”, JAIC, 25, 83.
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methods and the relative success of the lab and field applications. The results of the
literature review are summarized in Table 4.1. Alkoxysilanes were the most often tested
consolidant of earthen materials with acrylic resins and diisocyanates being the subject of
study for a significant number of tests as well. Other consolidants tested were polyvinyl
acetates, silicones (Dri Film 104), potassium silicate, and magnesium fluorosilicate. The
chemical composition of the consolidant, solvents used and catalysts were not always
specified, but varied depending on the consolidant used. Solvents were often composed
of a mixture of materials. Application was most often done by either spraying, brushing,
or bulk infiltration. Of the studies that attempted to identify a consolidant that was the
most successful, both alkoxysilanes and diisocyanates were most frequently cited, with
alkoxysilanes being the most often preferred consolidant. With only one exception, all
studies tested consolidants on adobe (mud brick).

49

50

Table 4.1. Review of consolidants tested on earthen building materials. Table 4.1. Summary of literature review of consolidants tested on earthen building materials.

Based on the literature review, the following list of consolidants that have been
used often on earthen materials was assembled.

4.2.1 Acrylic Polymers
The acrylic polymers most often used for consolidation are copolymers of
acrylates and methacrylates. These acrylates and methacrylates contain an alkyl group
which may vary.43 They are soluble in aromatic hydrocarbons, halogenated
hydrocarbons, toluene, acetone, and methyl ethyl ketone. With some exceptions, most
acrylic polymers retain their solubility through aging and are thus valued for their ability
to be brought into solution with solvents and later removed, giving them some degree of
reversibility.44 Some acrylic polymers that have been used in consolidation of earthen
materials are Acryloid A-21 and Acrysol WS-24. They are occasionally used in
conjunction with alkoxysilanes.

4.2.2 Diisocyanates (Polyurethanes)
Diisocyanates are polymers that function by using the hydrogen atoms in water or
alcohols to form urea linkages. There are three types of polyurethanes that were found to
have been tested for consolidation of earthen materials: hexamethylene diisocyanate,
diphenylmethane diisocyanate and dicyclohexylmethane diisocyanate.45 Commerically, a
diisocyanate product named Desmodur N-3390 is produced by Bayer Material Science,

43

Laurenzi Tabasso, M., 17-21.
Laurenzi Tabasso, M., 17-21.
45
Agnew, N. and F. Preusser, J. R. Druzik, 5.
44
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generally for use as a hardener in coatings used in automotive refinishing, industrial
finishing, or plastics.46 The research found on testing diisocyanates for consolidation of
earthen materials is limited to the Getty Conservation Institute’s projects at Fort Selden.
In 1990, diisocyanates were found to have good results in improving mechanical
properties of earthen materials and increasing water resistance.47 According to more
recent project findings, the use of diisocyanates was curtailed after an unfortunate set of
results were produced, which was later determined to be due to the application method,
indicating that testing of diisocyanates should have continued.48

4.2.3 Alkoxysilanes
A widely-used group of consolidants for stone as well as adobe are the
alkoxysilanes. These silicon based compounds derive their name from the alkoxy groups
that attach to each of the four bonds available on a silicon atom. The term alkoxysilane
also includes a variation on this configuration where one alkyl group takes the place of an
alkoxy group. Alkyl groups may be methyl (CH3) or ethyl (CH3CH2) while alkoxy
groups may be methoxy (CH3O) or ethoxy (CH3CH2O). Alkoxy groups will react in the
presence of water through a process of hydrolysis and condensation to form siloxane

46

Bayer Material Science, Solventborne Resin Systems, http://www.bayerls.de/ls/lswebcms.nsf/id/E87F131AB939514DC12569510057BE03 accessed March 2007.
47
Agnew, N., 1990, “The Getty Adobe Research Project at Fort Selden I. Experimental Design for a Test
Wall Project”, in Proceedings of the 6th International Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints, Los Angeles: The Getty Institute; Coffman, R. and C. Selwitz, N.
Agnew, 1990, “The Getty Adobe Research Project at Fort Selden II. A Study of the Interaction of Chemical
Consolidants with adobe and Adobe Constituents”, in Proceedings of the 6th International Conference on
the Conservation of Earthen Architecture: Adobe 90 Preprints, Los Angeles: The Getty Institute.
48
Selwitz, C. and A. Oliver, 2002, “Fort Selden Adobe Research Project, Phase III Final Report”, (personal
library of F. G. Matero, unpublished), 69.
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bonds, which give the material its strengthened properties. Alkyl groups, however, are
not reactive and maintain their composition through hydrolysis and condensation
reactions. Due to their hydrophobic nature, they contribute to water repellency. In order
to act as a consolidant, a compound must have at least three of the four pendants filled by
an alkoxy, giving binding ability in three dimensions. The alkoxysilanes that have been
used for consolidation are methyltrimethoxysilane (MTMOS), methyltriethoxysilane
(MTEOS), and ethyl silicate.49 They are known to chemically bond well to silicate
materials like clays.
Commercial products are comprised of different combinations of these three
alkoxysilanes with the possible addition of solvents in order to increase the depth of
penetration such as methyl ethyl ketone, toluene, acetone, or ethanol and a catalyst of
dibutyltindilaureate. The alkoxysilanes may be used either in monomeric form, partially
polymerized, oligomeric (forming short chains, such as dimers or trimers) or all three.
There are many commercial consolidants available from producers such as Silbond
Corporation, Wacker Chemie (distributed by Prosoco in the United States), Remmers,
Ltd., T. Goldschmidt, Keim, Interacryl, Rhodia, and COLCOAT.50 Those that were used
for this study were Prosoco’s Conservare® OH100, Silbond Corporation’s Silbond® 40,
and Remmers’ Funcosil® Stone Strengthener 100, SAE 300 E, and Antihygro®.51

49

Wheeler, G., 2005, 13-16.
Wheeler, G., 2005, 55-62.
51
For commercial consolidant suppliers’ contact information, see Appendix A.
50
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4.3 Consolidant Selection

4.3.1 Alkoxysilanes
Due to the previously reported successes with alkoxysilanes used on earthen
materials, they have been chosen as the subject of this study. Two of the commercial
alkoxysilane products that are readily available in the United States were considered
here—Silbond® 40 and Conservare® OH. The Remmers elastified consolidant and antiswelling agent were included as well for their unique suitability in addressing the
problem of binding clays that will have a tendency to swell.
Silbond® 40 is produced by the Silbond Corporation and is composed of a mixture
of TEOS monomers, partially pre-polymerized monomers and oligomers, with a small
amount of residual ethanol.52 Product information indicates that the average -Si-O-Sichain length is approximately five. Silbond® 40 was tested at Fort Selden beginning in
1993-4 because of its better affordability and the success achieved by Dr. Giacomo Chiari
with poly ethyl silicates through many years of use. Findings thus far have indicated that
it has been effective and is hydrophobic, 53 but slow to cure without use of methyl borate
as a catalyst. However, more recent findings indicate that use of any amount of methyl
borate will embrittle earthen materials and encourage cracking.54 Since elasticity is a
desired property of earthen material consolidants, the catalyst was not used for this study.
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Austin, J., 2007, telephone interview.
Selwitz, C. and A. Oliver, 2002: 66.
54
Selwitz, C. and A. Oliver, 2002, “Fort Selden Adobe Research Project, Phase III Final Report”, (personal
library of F. G. Matero, unpublished).
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Conservare® OH100 is a Prosoco product that began as Wacker® OH, one of a
pair of commercial consolidants that were among the first to be developed commercially
and widely used for conservation. Of the two, it is non-hydrophobic – Wacker® H, or
Conservare® H100 being the hydrophobic consolidant. Conservare® OH100 is believed
to be oligomeric TEOS, in a toluene solvent with a dibutyltindilaurate catalyst.55 Results
with consolidating earthen materials have been fair to good. Studies have often tested
both hydrophobic and non-hydrophobic compositions of Conservare or Wacker, but have
relied on exposure to water for weathering tests.56 Since exposure to large amounts of
moisture is generally not found in Kiva F of Long House, water resistance has not been
deemed necessary in this case and thus Conservare® OH is chosen for consolidation
testing.
Funcosil Stone Strengthener® 100, SAE 300 E, and Antihygro® are produced by
Remmers and are joined by Stone Strengthener 300 and SAE 500 E in their Funcosil®
line of stone consolidation treatments. Funcosil Stone Strengthener® 100 has a 10% w/w
gel deposit and contains an isoparaffine hydrocarbon mixture, ethyl silicate, and
dibutyltin dilaurate.57 Although the complete contents are unknown, it is believed to
contain oligomeric ethyl silicate and possibly methylethylketone.58 SAE® 300 E is an
elastified ethyl silicate with a 30% gel deposit rate. Another product, Antihygro® is a
clay binder that diminishes swelling by approximately 50% without significantly altering
water absorption or mechanical properties, according to technical data provided by
55

Wheeler G., 2005, 59.
See Appendix A for summaries of literature reviews.
57
Remmers, 2006, Material Safety Data Sheet for Funcosil Stone Strengthener 100, 1.
58
Wheeler, G., 2005, 59-60.
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Remmers. It may be used to pre-treat clay-containing materials before consolidation. No
previous tests of these products on earthen materials has been found, but the results may
prove to be interesting since the swelling of clays is a significant factor in the
deterioration of the earthen finishes at Mesa Verde.

4.3.2 Gelatin
In addition to the alkoxysilanes listed above, a gelatin-based solution that had
been used at Mesa Verde as an adhesive for setting down flakes and detachment was also
tested for consolidation. Gelatin is a collagen-derived, water-soluble animal protein
obtained from hooves, bones, and connective tissue and often used in photography or
cooking for its slight adhesive and thickening qualities. In its purest form it is nearly
colorless, odorless and tasteless. It was included among the consolidants tested for a few
reasons. First, the alkoxysilanes may limit the plasticity of the clays, meaning that the
finishes can no longer be formed into plane with the surface. Second, alkoxysilanes are
toxic to the environment and to anyone applying it, which is undesirable. Third, and
lastly, local Native American tribal groups have requested that treatments made on Mesa
Verde sites be non-synthetic in nature, also making alkoxysilane use less desirable.
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Chapter 5: Facsimile Sample Preparation and Treatment
Facsimile samples were prepared consisting of a sandstone support with a thin
layer of earthen plaster applied on the top surface. Before the samples were made,
sandstone and soil for finish application were assessed for selection based on initial
characterization and analysis.

5.1 Selection of Sandstone Substrate
A sandstone substrate physically similar to the Mesa Verde sandstone was
selected for the test samples. This was considered an important factor for its possible
effect on the movement of the consolidant through the plaster layer by suction and the
amount and distribution of consolidant remaining in the plaster after polymerization.
Porosity data on Mesa Verde sandstone was provided by previous research (Carr,
2002).59 Possible replacement substrates were then tested for porosity and the substrate
that most closely matched the Mesa Verde sandstone was chosen.
Previous research on consolidation of stone was consulted to identify possible
performance tests (Table 5.1). A matrix was then compiled listing all tests along with
their advantages and disadvantages. Tests for liquid water absorption, water vapor
transmission, evaporation, and porosity were identified. Previous testing for porosity and
absorption of Mesa Verde sandstone included total immersion and hydrostatic
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Carr, R., 2002, “Evaluation of Adhesive Binders for the Preservation of In-Situ Aboriginal Surface
Finishes at Mesa Verde National Park”, Graduate Thesis, Univ. Pennsylvania, 33-34.
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weighing.60 Therefore, these tests were chosen for characterization of facsimile supports
and substrates (Table 5.2).

60

Ibid.

58

59

1 day

Time Required
1 week

Results may differ from
those found in indirect
measurement by water
absorption

Lengthy testing period

Lengthy testing period

Results do not supply as
much information as
other tests

Long testing period

Can be a lengthy testing
period

Disadvantage

Table 5.2: Selected Tests for Characterization of Mesa Verde Sandstone and Facsimile Supports and Substrates
Property Tested
Applied Test
# of Samples
Sample Description
Water absorption
Water absorption by total immersion (Teutonico Ex. 8,
9
5 cm cube
NORMAL 7/81)
Percent Open Porosity
Hydrostatic weighing (NORMAL 7/81, Teutonico Ex. 13) 9
5 cm cube

Table 5.1: Possible Tests for Characterization of Mesa Verde Sandstone and Alternate Substrates
Tested
Referenced in
Applied Test
Testing
Advantage
Properties
location
Water
Watsantachad, 2001
Water absorption by total
ACL
Determine water absorption
absorption
Öztürk, 1992
immersion (Teutonico Lab
Procedure can be performed in
Manual Ex. 8, 12, ASTM CACL. May be used to determine
97)
porosity
Watsantachad, 2001
Capillary water absorption
ACL
Determine rate of capillary action
(NORMAL 11/85, RILEM
in samples. Can be performed in
II.6, Teutonico Manual Lab
ACL. Transmission of consolidant
Ex.10)
within the substrate will be more
similar to capillary rise than total
immersion
Teutonico, 1988
Water drop absorption (Ex.
ACL
May be used to determine water
9)
repellency of stone surfaces
Equipment readily available in
ACL. Short testing period
Water vapor
Watsantachad, 2001
Water vapor transmission
ACL
Equipment is readily available
transmission
Erder, 1995
test (ASTM E 96-95,
Öztürk, 1992
RILEM II.2, ASTM C 35564)
Evaporation
Watsantachad, 2001
Dessication of saturated
ACL
Evaporation rate will affect the
sample
curing of consolidant
Porosity
Teutonico, 1988
Hydrostatic weighing
ACL
Porosity may be determined
(Ex. 13)

5.1.1 Water Absorption by Total Immersion
Four types of commercial sandstone available were evaluated for water absorption
by total immersion using NORMAL 7/81. The stone types tested were Tennessee
sandstone, Scioto buff sandstone, Pennsylvania bluestone, and Scioto gray sandstone (fig.
5.1). All samples were cut into cubes with sides measuring approximately 5 cm and a
total apparent volume of approximately 125 cm3. The Scioto buff sandstone samples
were limited by supply so were cut to only 4 cm in height, with all other dimensions
being the same as the other samples. Three samples of each type were tested, excepting
the Pennsylvania bluestone of which only enough material was available for cutting two
samples and the Scioto gray which supply only allowed the cutting of one sample. The
stone samples were initially dried at 60°C until they reached a stable weight as indicated
by a change in weight <0.1% of their lowest weight. The samples were then immersed in
water and weight measurements were taken at regular intervals until the percent change
in weight measured 0.1% of the dry mass.
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Figure 5.1. Total immersion of samples cut from commercial
sandstones available near Philadelphia: Tennessee sandstone,
Scioto buff, Pennsylvania blue sandstone and Scioto gray
sandstone.

5.1.2 Hydrostatic Weighing
After the rate of water uptake had stabilized through total immersion, samples
were weighed hydrostatically to calculate the percent porosity. To obtain hydrostatic
weight, samples were weighed while hung from a wire into a container of water. They
were then dried to a constant weight, which was used as the dry weight for all
calculations. Based on the hydrostatic weight and dry weight, the apparent volume, real
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volume, apparent density and real density were calculated and used to calculate the
percent porosity.

5.1.3 Results
The results for the percent of water absorbed by each sample, including raw data
for Mesa Verde sandstone provided by previous research,61 were graphed for comparison
(chart 1) . The Mesa Verde sandstone had the most variable rate of water absorption,
possibly due to differences in sampling, size, or weathering, since all other samples were
commercially obtained and presumed to be recently quarried. The stone that displayed
the greatest absorption was the Scioto gray sandstone and the stone with the lowest
absorption was the Pennsylvania blue sandstone. The two stone types that most closely
matched the Mesa Verde sandstone in terms of rate and amount of water absorption were
the Scioto buff sandstone and the Tennessee sandstone.
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Carr, R. 2002.
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Water Absorption by Total Immersion
10

8
ST-01 Tennessee Sandstone

Percent Water Absorbed

ST-02 Tennessee Sandstone
ST-03 Tennessee Sandstone
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ST-06 Scioto Buff Sandstone
ST-07 Pennsylvania Bluestone
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ST-B Mesa Verde Sandstone
ST-C Mesa Verde Sandstone
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Chart 5.1. Water absorption by total immersion graphed for each sample.

The porosity of each sample was calculated and is listed in Table 5.3. Porosity
for Mesa Verde sandstone was calculated using raw data provided by previous research.62
All porosity values were averaged for each stone type and graphed (chart 2). The Mesa
Verde sandstone was found to have a porosity of 10.20%, the closest match being the
Scioto buff sandstone with a porosity of 12.77%. The Scioto buff sandstone was thus
chosen for use in preparation of facsimile samples.
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Carr, R., 2002.
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Table 5.3: Porosity of Alternate Sandstones
Sample
Absorption
ST-01
Tennessee Sandstone
4.24 %
ST-02
Tennessee Sandstone
4.34 %
ST-03
Tennessee Sandstone
4.36 %
ST-04
Scioto Buff Sandstone
12.67 %
ST-05
Scioto Buff Sandstone
12.99 %
ST-06
Scioto Buff Sandstone
12.64 %
ST-07
Pennsylvania Bluestone
4.31 %
ST-08
Pennsylvania Bluestone
1.99 %
ST-09
Scioto Gray Sandstone
14.49 %
ST-A
Mesa Verde Sandstone
7.08 %
ST-B
Mesa Verde Sandstone
14.38 %
ST-C
Mesa Verde Sandstone
9.15 %

Mean

4.32

%

12.77

%

3.15
14.49

%
%

10.20

%

Percent Porosity
Mesa Verde Sandstone and Possible Replacement Substrates

16
14.68

14
12.76

12
10.20
Percent Porosity

10

8

6
4.36

4

3.25

2

0
Tennessee Sandstone

Scioto Buff

Pennsylvania Blue

Scioto Gray

M esa Verde Sandstone

S andstone Type

Chart 5.2. Porosity of stones tested. The closest match to Mesa Verde sandstone in terms of
porosity was the Scioto buff sandstone.
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5.2 Selection of Soil for Finish Application
Results from the characterization of existing surface finishes in Kiva F were used
to ensure an appropriate match between the soil used for facsimile samples and the Kiva
F plasters. The soil chosen for use was a Mesa Verde red loess soil that had been studied
in previous research.63 Although the soil differs slightly in clay mineralogy and particle
size distribution from the Kiva F plasters, it was selected for use because of the wealth of
information provided by previous investigation (as seen in Table 5.4), and for the amount
of soil available, which allowed for creation of enough samples to run all tests selected.
The particle size distribution of the soil used for facsimile sample preparation and the
Kiva F plasters differs in that the Mesa Verde red soil contains a greater percentage of silt
and clay (fine fraction) than the Kiva F plaster. The Mesa Verde red soil also contains a
more typical mix of clays found at Mesa Verde with the majority being kaolinite with
lesser amounts of illite and smectite, whereas the clays in the Kiva F plaster were found
to be composed almost entirely of mixed layers of illite and smectite.
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Hartzler, R., 1996, A Program of Investigation and Laboratory Research of Acrylic-Modified Earthen
Mortar Used at Three Prehistoric Puebloan Sites, Graduate Thesis, Univ. Pennsylvania.
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Table 5.4: Summary of Plaster and Soils Characteristics
Kiva F Plaster
Long House Soil
53% : 47%
73.5%: 26.5%
Particle Size
Distribution
(Sand : Silt and Clay)
90% Illite/Smectite
-Clay Mineralogy
mixed layer clay

Mesa Verde Red Soil64
30% : 70%

70% Kaolinite
20% Illite
10% Smectite*
--19.3
Plastic Limit
--22.2
Liquid Limit
--2.9
Plasticity Index
--5.6%
Linear Shrinkage
--16.9%
Volumetric Shrinkage
--7.6 / 7.4
pH (water/CaCl2)
--Dry: 7.5YR 4/5
Munsell Color
Wet: 7.5YR 3/4
--3.4%
Percent Carbonate
--Negligible
Soluble Salts
--2.66 g/cm3
Soil Density
* From results found for Mesa Verde Blend, which includes Mesa Verde Red soil and Mesa Verde Yellow
soils, in equal parts.

5.3 Preparation of Trial Facsimiles
Investigation into technique for the preparation of samples was informed by
previous sample preparation which was designed to test treatment for reattachment of
earthen surface finishes at Mesa Verde.65 In addition, possible preparation procedures
were consulted before trials of the preparation techniques were performed (Table 5.5).
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Hartzler, R., 1996.
Carr, R., 2002.
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Evaluation of film
thickness and leveling

ASTM, 1996

ASTM, 1996

ASTM, 1996
Carr, 2002
Carr, 2002

Table 5.5: Sample Preparation Technique
Description
Referenced in
Preparation of surface
ASTM, 1996
finish

ACL

Preparation of
samples for testing
reattachment of
earthen surface
finishes
Standard practice for
measurement of wet
film thickness by
notch gages
(ASTM D 4414-95)
Standard test method
for leveling of paints
by draw-down method
(ASTM D 4062-88)
ACL

ACL

ACL

Location
ACL

ASTM D823-95

Applied Method
Standard practice for
preparing drawdowns
of artist’ paste paints
(ASTM D 4941-89)

Thickness of finish film
may be measured in
various locations
May be appropriate for
preparation trials
Can see degree of leveling
by oblique lighting

Methodology based on
practical limitations of
ACL
Images provided

Advantage
Simplicity of method
Drawdown bar is free
standing and not
complicated to replicate
May be appropriate for
surface finishes applied to
silicone release paper
--

Requires “level
laminator” apparatus
Texture of soils may
obscure results

Sample preparation for
purposes of testing
reattachment may not be
as applicable to testing
consolidation
Will damage film
surface
Measures only selected
areas, not entire surface

Unknown procedure

Disadvantage
Relies on viscosity of
finish
Scraping may create
uneven surface

The most applicable method was the technique used by Carr in which a drawdown tool smoothed earthen plaster across the surface of the stone at a regular height. A
draw-down tool was constructed for initial trials and final facsimile preparation (figs. 5.25.4). Using this tool, four trial facsimile samples were made using the Mesa Verde red
soil and Connecticut sandstone that had been pre-cut and used for previous research.66
The approximate dimensions of the facsimile test pieces are listed in Table 5.6. The
volume of water used in making samples was adjusted to include the least amount of
water possible, in order to minimize shrinkage during drying, while maintaining a
consistency that allowed the spreading of the soil by the draw-down tool. The amount of
soil and water used to form each trial facsimile sample is listed in Table 5.7.

Figure 5.2. Side elevation of custom-constructed draw-down tool.
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Dossett, J., 1998, Composite Repair of Sandstone, Graduate Thesis, Univ. Pennsylvania.

68

Figure 5.3. Plan view of draw-down tool.

Figure 5.4. Front elevation of draw-down tool, in use.
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Table 5.6: Dimensions of Facsimile Samples Made for Trial 1
Facsimile Length
Facsimile Depth
Sandstone Height
5.6 cm
4.9 cm
1.8 cm

Plaster Height
0.7 cm

Table 5.7: Soil and Water Amounts Used in Trial 1
Facsimile Trial Sample
Volume of Soil
Volume of Water
-60 mL
20 mL (too dry so 10 mL water added, used for
sample below)
A
60 mL
30 mL
B
60 mL
Same as above but allowed to dry while
applying plaster to sample A
C
60 mL
25 mL
D
60 mL
Same as above but allowed to dry while
applying plaster to sample C

While drying, the samples were placed in a plastic container with a lid placed
askew in order to slow the rate of evaporation and avoid cracking (fig. 5.5). By the
second day of drying, detachment was observed on all samples and by the eighth day,
when all samples appeared to have dried, the detachment was severe (fig. 5.6). There
was little difference in the amount of attachment noticed between samples prepared with
varying amounts of water (fig. 5.7). After drying was complete, reattachment was
attempted using water injected with a syringe. Although this method proved to be
somewhat effective, it produced cracking that was undesirable for testing consolidation as
the cracks would allow uneven penetration of the consolidant and introduce an additional
factor contributing to variation in results (fig. 5.7).
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Figure 5.5. Drying of trial facsimile samples. The lid of the plastic container in which
they were held was turned slightly askew to allow limited air passage and provide a
controlled drying environment.

Figure 5.6. Trial facsimile sample A after eight days of drying. Detachment can be
readily observed.
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Figure 5.7. Comparison of facsimile samples after drying and reattachment. Facsimile
samples after eight days of drying (left column) and after subsequent reattachment, in
elevation (center column) and plan views (right column). From top to bottom, samples
shown are A (top row), B (second row), C (third row) and D (lowest row).

In the second trial of facsimile sample preparation, the application technique
closely resembled the final preparation of facsimile samples. The soil-based plaster was
applied to the flat surface of the stone to simulate the surface that would be used on the
Scioto buff sandstone. The soil used was again, the red Mesa Verde loess and a smaller
proportion of water was added in order to further limit the shrinkage and hopefully,
detachment of the soil layer. Ninety milliliters of soil was dampened with 30 ml of
deionized water. The stone tops were wet before application of the earthen plaster, and
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allowed to soak for approximately five minutes before tamping excess liquid from the
surface with a paper towel. The plaster was then applied with gloved hands and shaped
to the approximate finished dimensions. Since the drier plaster mix was not pliable
enough to smooth with the draw-down tool, the tool was used instead as a guide for
cutting the tops of the samples. A sculptor’s tool was held horizontally and run along the
bottom of the blade of the draw-down tool in order to cut the top surface of the facsimile
samples. The draw-down tool was then pulled over the facsimile sample to identify high
areas which were then lowered either by cutting or gently applying pressure. Ideally, the
draw-down tool pulled only a thin layer of slip from the top when drawn over (fig. 5.8).
Sides were also cut using the sculptor’s tool and the stone as the guide. Time spent
forming each sample was approximately five minutes. Three samples were made in the
second trial, labeled E, F and G, and placed in a plastic container for drying.
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Figure 5.8. Detail of draw-down tool in use. The height of the earthen layer is
considered to be acceptable when the draw-down tool pulls up only a fine layer of slip
from the top of the finish layer. In the situation seen here, the sample may be gently
pressed down in the area where the draw-down tool caught a small amount of the finish
layer.

5.4 Preparation of Facsimile Samples for Testing
The final facsimile preparation was performed similarly to the second trial but
was adjusted to eliminate the cutting of the top surface, which was instead pressed into a
flat plane. This change was made to eliminate cracking produced by cutting that could be
smoothed flat, but may have remained in the form of microcracking which would affect
the absorption of consolidant. Sides were cut with the sculptor’s tool, using the stone to
guide the cutting, as before. After cutting the sides, they were smoothed to an even
surface, occasionally with the addition of a small amount of water. The ratio of soil to
water used for the plaster was adjusted again for the final preparation in order to further

74

reduce the amount of water used, with the resulting mix consisting of 180 ml of soil and
50 ml of deionized water (fig. 5.9). In a few instances, a few drops of water were added
to the mixture after evaporation had rendered it too dry to handle. The mixing container
was covered with wax paper to limit evaporation during the forming of plaster to the
stone surface. Soil and water were mixed in several small batches to maintain as much
control over the water content as possible. In total 46 samples were made (fig. 5.10).

Figure 5.9. Mesa Verde red loess used for facsimile sample preparation.
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Figure 5.10. Facsimile samples immediately after preparation.

After initial preparation, facsimile samples were allowed to sit for 20 days before
complete drying. For the first ten days, they were left in a baker’s rack covered with
plastic sheeting with several trays containing water. A hygrometer was placed alongside
the samples and relative humidity was monitored and maintained at 90%. The relative
humidity was gradually lowered, with the trays emptied and rack left uncovered for the
last few days. To ensure drying had completed, three samples—F-09, F-21, and F-39—
were weighed at a 48 hour interval. The change in weight was less than 0.2%, so the
drying of the samples was considered to have stabilized. Actual measurements are listed
in Table 5.8. Once the samples had dried, consolidant was applied to begin the next stage
in preparation for testing.
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Table 5.8: Weight of Dry Facsimile Samples
Sample
3/6/07
3/8/07
% Change
F-21
276.31
275.96
0.13
F-09
279.07
278.97
0.04
F-39
271.58
271.13
0.17

5.5 Consolidant Application
Consolidant application methods used in past research on earthen materials have
included spraying, brushing, bulk infiltration, capillary rise, immersion, dripping and
pouring. In the case of the finishes in Kiva F, the material is thin and very fragile and
even a small amount of loss should be avoided. The method of application chosen for lab
tests on facsimiles employed a thin permeable wet strength tissue paper laid on the finish
surface, over which the consolidant was brushed using a facing brush (fig. 5.11). This
protected the finish layer while allowing the consolidant to be fully absorbed.
Application in the field may rely instead on low pressure spraying to minimize delivery
contact.
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Figure 5.11. Consolidant was applied using a facing brush over wet strength tissue paper.
Photograph by Lauren Hall, 2007.

Before consolidation, prepared facsimile samples were divided into four groups
for each test set. Each of the four sets contained eleven samples. Since the sample
numbers correspond to the order in which they were made, every fourth sample was
taken when making the sample sets to ensure uniformity across samples. This was done
to avoid differences in samples based on the time of day they were prepared or slight
differences in preparation method that may have evolved over the course of making the
samples. Each set of samples received one of the consolidants chosen for testing while
one set remained untreated as a control (fig. 5.12). Table 5.9 summarizes the distribution
of the samples into each set and the consolidant applied.
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Table 5.9: Distribution of Samples into Sets for Consolidation
Conservare® OH Silbond® 40
Gelatin
Control
F-1
F-2
F-3
F-4
F-5
F-6
F-7
F-8
F-9
F-10
F-11
F-12
F-13
F-14
F-15
F-16
F-17
F-18
F-19
F-20
F-21
F-22
F-23
F-24
F-25
F-26
F-27
F-28
F-29
F-30
F-31
F-32
F-33
F-34
F-35
F-36
F-37
F-38
F-39
F-40
F-41
F-42
F-43
F-44

Product literature guided the method of consolidant application. Each consolidant
was applied initially in three passes, each immediately following the one previous,
because of the absorptive ability of the clays when dry. In the first pass, five brush
applications of consolidant were made to each sample, while in all subsequent passes
only one or two brush applications were made. Consolidant was applied until it began to
pool on the surface and was then allowed to absorb before applying another coat.
Application stopped when the waiting time for absorption exceeded 30 minutes.
Conservare® OH was found to be much more readily absorbed and did not reach the 30
minute limit, but was applied in several more passes than Silbond® 40. Consolidated
samples were then left in the fume hood overnight to prevent inhalation of the
consolidant fumes. Application conditions were 20% relative humidity and 65-70°F.
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Figure 5.12. All samples after consolidation. Clockwise from top left, they are
consolidated with Conservare® OH, Silbond® 40, untreated (control), and gelatin.

Consolidation using gelatin began by using the 5% gelatin solution that has been
used for reattachment at Long House.67 The solution was applied warm to reduce
viscosity, however upon initial application the solution was still very slow to be absorbed
into the sample surface (fig. 5.14). It was thought that this would produce a surface film
which would remain glossy and retard absorption of subsequent coats. The solution was
therefore thinned with isopropyl alcohol to 2.5% before being applied to all facsimile
samples in this set (figs. 5.13-5.16). Application specifications for all consolidants are
summarized in Table 5.10.

67

See Appendix B.
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Table 5.10: Consolidant Application
®

Conservare OH (03/08/07)
App. Time

Brush Strokes

®

Time

(03/09/07)

Gelatin

Silbond 40
(03/08/07)
Brush

Time

Brush

Sample

Control

Solution

Time

Brush

1

5:15 PM

5

5:50 PM

5

12:00 PM

1-2

F-03 only

5%

--

--

2

5:25 PM

1-2

6:00 PM

1-2

12:10 PM

1-2

F-03 only

3.70%

--

--

3

5:30 PM

1-2

6:05 PM

1-2

12:20 PM

1-2

F-07 only

3.00%

--

--

4

6:15 PM

1-2

6:20 PM

1-2

12:30 PM

1-2

All but F-03, -07

2.50%

--

--

5

6:20 PM

1-2

6:25 PM

1-2

12:35 PM

1-2

All

2.50%

--

--

6

6:25 PM

1-2

6:35 PM

1-2

12:45 PM

1-2

All but F-03, -07

2.50%

--

--

7

6:35 PM

1-2

7:10 PM

1-2

1:00 PM

1-2

All

2.50%

--

--

8

6:50 PM

1-2

7:25 PM

1-2

--

--

--

--

--

--

9

7:10 PM

1-2

--

--

--

--

--

--

--

--

10

7:15 PM

1-2

--

--

--

--

--

--

--

--

11

7:25 PM

1-2

--

--

--

--

--

--

--

--

12

7:35 PM

1-2

--

--

--

--

--

--

--

--

Table 5.10. Consolidant application timing, number of brush strokes, samples to which it was
applied, and solution concentration are listed here. If samples are not specified, it should be assumed
that consolidant was applied to all samples in that set.

One set of facsimile samples was left untreated for comparison. After all
treatments had been applied, the samples were set aside in a plastic-tented baker’s rack
for 25-28 days of curing before testing. For the first two weeks, relative humidity was
approximately 20-40%, after which time the tenting was raised and samples were
exposed to ambient conditions in the laboratory (fig. 5.17), during which time, relative
humidity ranged from 20-50%
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Figure 5.13. Equipment used for gelatin application: facing brush, Japanese rice paper,
warming plate and hot water bath for gelatin (in canning jar).

Figure 5.14. Initial application of gelatin left a thick, viscous coat that was slow to
penetrate.
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Figure 5.15. Penetration of gelatin solution after thinning.

Figure 5.16. Final application of gelatin 30 minutes after application. Dark spots
indicate areas where gelatin had not yet been absorbed.
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Figure 5.17. Samples stored in a baker’s rack, exposed to ambient laboratory conditions.
From top to bottom, trays contain facsimile samples treated with Conservare® OH,
Silbond® 40, gelatin, and untreated samples
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Chapter 6: Assessment and Evaluation of Treatments
6.1 Testing Methodology
Establishing a methodology for the evaluation of possible consolidants began first
by establishing the desired properties to be measured, which were then used to determine
the testing program that was most appropriate to evaluate those characteristics.
Performance goals for consolidants of earthen materials were listed in Chapter 4 on
consolidation treatment. Since it was not possible to evaluate all the critical properties of
consolidants, a few of the most pertinent were chosen for testing: depth of penetration,
color change, cohesive strength, and durability to wet-dry cycling.
A review of the relevant literature was compiled for tests that have been used for
evaluation of consolidation with the focus being on research performed within the last
decade (Table 6.1). Projects studying the consolidation of stone as well as earthen
materials and plasters were included in the survey. Tests were divided by property: depth
of penetration, mechanical properties such as tensile or compressive strength, water vapor
permeability, liquid water absorption, weathering, thermal expansion, appearance,
soiling, longevity of treatment effectiveness, reversibility and bio-susceptibility. The
standards used were recorded, when noted in the text.
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Table 6.1. Review of tests performed for the evaluation of consolidation on stone and earthen materials.
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Of these tests, four were chosen for performance on prepared facsimile samples
based on the availability of equipment and applicability to properties tested. Scanning
electron microscopy was chosen to evaluate the depth of penetration, since the
consolidant is visible under SEM and the equipment was available for use. This also
revealed images of the consolidant polymerization within the matrix of the material.
Visual observation, Munsell color identification and photography were used to evaluate
the color change produced by the consolidants. ASTM D 4214-97, “Standard Test
Methods for Evaluating the degree of Chalking of Exterior Paint Films”, method D was
used to test the cohesion of the consolidated and unconsolidated plasters. Wet-dry
cycling was used to evaluate the durability of the facsimile samples when repeatedly
subjected to moisture and evaporation. Tests selected are summarized in Table 6.2.

87

88

Evaluation of the degree of chalking of
exterior paint films (ASTM D 4214-97,
method D)
Wet-dry cycling – Wet with capillary action
and dry at 60°C (Modeled after RILEM
V.3)

Cohesion

Weathering

Scanning electron microscopy

Depth of
penetration

4
Same as
above
12
Same as
above
20

Table 6.2: Testing of Treated and Untreated Facsimile Samples
Property Tested Applied Test
# of
Samples
Color
Munsell color identification, photography,
16
and visual observation.

36

16

16

Total # of
Samples
16

Whole samples.

Whole samples before beginning any
other testing. To be viewed in
comparison to untreated samples.
Samples should be cut or fractured to
provide a cross-section for
observation
Must be 2 – 3” in length, minimum.
Whole samples.

Sample Description

2 weeks

2 days

3 days

Time
Required
2 days

6.2 Color Change
Color change was measured by comparison of all treated and untreated samples
and by Munsell color identification. Since the change in color was easily discernable and
readily measured by comparison, this was an effective method of determining the relative
color stability of each consolidant. Results were photographed in order to provide a
visual record of the observations made that may be used to record change in color over
time if further testing is undertaken in the future. The Munsell color system allows for
quantification of hue, saturation and shade, assigning a number to each color which was
used to measure color differences in increments.

6.3 Depth of Penetration
Depth of penetration was visually determined by scanning electron microscopy
(SEM) which is a method of producing highly magnified imagery to observe
micromorphology. When paired with electron dispersive spectroscopy (EDS), SEM
allowed identification of penetration depth by focusing in on specific portions of a
sample, which were tested with EDS mapping to show elemental analysis across the
selected area. This was especially useful for measuring the depth of penetration of the
Conservare OH since the catalyst, dibutyltindilaurate, may be detected by mapping the
presence of tin with EDS. Silbond 40 has no clearly identifiable elements that may be
mapped with this method, so depth of penetration was attempted by viewing the
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micromorphology at the lowest stratigraphic area of the sample to determine the presence
of the consolidant.
Samples for this test were taken with a scalpel from one of the facsimile samples
in each of the treatment sets. Each sample was carefully cut as flat as possible to aid in
the viewing the under SEM. Samples were taken in cross-section along the total depth of
the plaster finish in order to facilitate viewing of penetration depth.
After cutting, the samples were gently cleaned using compressed air, then
mounted on an aluminum stage using double-stick carbon tape. The perimeter of each
sample was then painted at the base with carbon paint. Care was taken to ensure that the
samples were oriented with the most useful side for analysis facing upward and the
stratigraphic orientation carefully noted. The samples were then placed in a vacuum
container for transportation and a vacuum was drawn.
After transporting to the testing location, the samples were coated in gold in a
vacuum in order to aid electron transport and placed into the SEM chamber. In the
process of SEM, a beam of electrons were directed onto the sample that is focused by a
series of magnets. A detector beside the sample recorded the pattern of deflection as the
electron path was altered by the presence of the sample. The coils directed the electrons
to systematically move across the sample in a scanning motion. In order to produce a
meaningful scan, it was important that electrons absorbed into the sample were drawn out
at the base of the sample, otherwise they would have interfered with the pattern of
deflection which is the reason for the gold coating, carbon paint, carbon tape and the
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metal stage. Facsimile samples were scanned using 10 kV at magnification ranging from
x20 to x5000.
Samples treated with gelatin were tested for depth of penetration by viewing
under UV fluorescent microscopy. Since gelatin autofluoresces a pale tallow-green under
ultraviolet light, its presence could be visually detected. Samples for viewing were
prepared as for visible light microscopy – by cutting sections from a facsimile sample
treated with gelatin, embedding the samples taken, cutting cross-sections with a Buehler®
Isomet® lowspeed saw, and mounting the cross-sections on microscope slides. Samples
used for depth of penetration testing are listed in Table 6.3.
Table 6.3: Facsimile Samples Tested for Depth of Penetration
Conservare OH
Silbond 40
Gelatin
Control
F-09
F-10
F-11
F-12

6.4 Cohesion
Cohesion testing was based on ASTM 4214-97 “Standard Test Methods for
Evaluating the Degree of Chalking of Exterior Paint Films”, method D. This test
involved applying a piece of tape to the surface of the facsimile sample, applying
pressure to the back of the tape, removing the tape, and setting it on a solid surface with
the adhesive side down for comparison. A trial was conducted according to the ASTM
specifications and alterations were made as necessary.
One-inch, transparent polypropylene tape is specified in the ASTM standard so
two clear, strong-adhesive tapes were acquired for this test: 3M® Scotch® transparent
propylene tape and Permacel® J-LAR® Super Clear tape (fig. 6.1). One piece of each
type of tape was tested on an untreated sample in order to determine which would be
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most appropriate for this test. The superior transparency of the Permacel® J-LAR®
Super Clear tape was noticeable on the trial test and was therefore chosen for use (fig.
6.2). Additionally, one trial strip was taken of a totally immersed, untreated facsimile
sample in order to determine if the difference could readily be measured. Upon
performing the trial, the difference in immersed and un-weathered facsimile samples was
found to be readily observed through this test (fig. 6.3).

Figure 6.1. Tape used for cohesion testing trial: Permacel® J-LAR® Super Clear tape
(left) and 3M® Scotch® transparent polypropylene tape (right).
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Figure 6.2. Trial of cohesion testing on black velvet, as required by the ASTM standard.
From left to right, strips are 3M® Scotch® transparent polypropylene tape on an untreated,
unweathered facsimile sample; Permacel® J-LAR® Super Clear tape on an untreated,
unweathered sample; and Permacel® J-LAR® Super Clear tape on an untreated facsimile
sample that has been immersed in water for 30 seconds. The material pulled up was most
readily visible in the Permacel® tape.

The ASTM standard requires use of a black velvet, however, that proved more
difficult when photographing the results.(fig. 6.2). A thick, white photographic paper
was used instead, which proved more effective for viewing the red plaster (fig. 6.3).
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Figure 6.3. Trial of cohesion testing on white photographic paper. From left to right,
strips are 3M® Scotch® transparent polypropylene tape on an untreated, unweathered
facsimile sample; Permacel® J-LAR® Super Clear tape on an untreated, unweathered
sample; and Permacel® J-LAR® Super Clear tape on an untreated facsimile sample that
has been immersed in water for 30 seconds. The difference in material pulled up on the
unweathered and weathered sample was clearly discernable.

Three samples of each type of treated or untreated facsimile samples were tested
using the Permacel® tape with gloved hands. The tape was placed along the surface of
the facsimile samples and cut to match in length. They were then burnished gently,
removed, placed on the paper with the adhesive side down, and burnished again. After
test strips had been taken, they were photographed and processed digitally in order to
quantify the results. Although the ASTM test standard calls for use of a photographic
reference standard for assessing results, it proved difficult to acquire and was not found
to be as appropriate of a measurement method for this type of material.
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Digital processing of cohesion test photographs involved the adjustment in
Adobe® Photoshop® for brightness (+45) and contrast (+30), selecting a bright white area
(with the magic wand set at a tolerance of 50), inversion of the selected area, and creation
of a path. From this path an Adobe® Illustrator® document was exported, opened in
Illustrator® and exported again in a format compatible with Autodesk® AutoCAD®. Files
created this way were scaled in AutoCAD® in order to calculate area for both the material
and the tape strips. This was then used to calculate the percentage of material removed
by each test tape strip for a quantified comparison of surface cohesion for each facsimile
sample type. Samples used for cohesion testing are listed in Table 6.4.
Table 6.4: Facsimile Samples Used for Testing Cohesion
Conservare OH
Silbond 40
Gelatin
Control
F-13
F-14
F-15
F-16
F-17
F-18
F-19
F-20
F-21
F-22
F-23
F-24

6.5 Durability to Wetting and Drying
Wet-dry testing was used to evaluate durability to wetting and drying. The test
used was modeled after the RILEM test for frost resistance (V.3), with alterations
including:
x

Sample dimensions—elongated samples were not used.

x

Testing for longitudinal fundamental resonance frequency was not performed.

x

Weight was taken only at the outset and conclusion of the test due to the
delicate nature of the samples.

x

Instead of freezing, samples were dried in an oven at 60°C.
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x

Instead of total immersion, samples were set in 3.8 cm of deionized water and
finish layers were allowed to wet by capillary action. The rapid rate of
disintegration upon total immersion was determined by a 30 second test in
which a large amount of material was lost (fig. 6.4).

x

Cycle timing was adjusted in length because of the limited time required to
wet and dry the thin layer of plaster.

Figure 6.4. Untreated facsimile sample partially immersed in water, sitting on glass rods.
Water level has been lowered after a 30 second trial of total immersion. Material around
the base of the sample was lost during the total immersion trial. Finish layer corners that
were once flush with the stone are now rounded.

Assessment of samples was performed by visual examination and recorded by
photography. A full cycle was as follows:
8:30 am – Samples photographed
9:00 am – Samples partially immersed in water
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1:00 pm – Samples placed in oven at 60°C
5:00 pm – Samples partially immersed in water
9:00 pm – Samples placed in oven at 60°C overnight.
To avoid handling facsimile samples as much as possible, wire baskets were
constructed for transporting samples between the water bath and oven (figs. 5-6). The
facsimile samples used for wet-dry testing are listed in Table 6.5.
Table 6.5: Facsimile Samples Used for Wet-dry Testing
Conservare® OH Silbond® 40
Gelatin
Control
F-25
F-26
F-27
F-28
F-29
F-30
F-31
F-32
F-33
F-34
F-35
F-36
F-37
F-38
F-39
F-40
F-41
F-42
F-43
F-44
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Figure 6.5. Baskets constructed for transportation of facsimile
samples during wet-dry cycling.
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Figure 6.6. Baskets and facsimile samples partially immersed in deionized water for wetdry cycling.
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Chapter 7: Test Observations
After facsimile samples treated with Conservare® OH, Silbond® 40, and gelatin,
and untreated had been tested, observations were made for each property evaluated.

7.1 Color Change
In comparative observation, the facsimile samples treated with Silbond 40
exhibited the greatest change in color, with a readily noticeable darkening. The
Conservare® OH-treated samples were similarly but not quite as deeply darkened. The
untreated and gelatin-treated samples were significantly lighter than the Conservare® OH
and Silbond® 40-treated samples. The gelatin-treated samples were barely perceptibly
lighter than the untreated samples, perhaps because of a slight gloss resulting from a thin
gelatin residue on the surface (fig. 7.1).
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Figure 7.1. Color change observed for each of the sets of samples treated (clockwise
from upper left) with Conservare® OH, Silbond® 40, untreated, and gelatin-treated.
Photograph was taken on the balcony of the Architectural Conservation Laboratory, in
northern-exposed light on an overcast day at 2:15pm, 3/13/07.

The gelatin treated facsimile samples measured 7.5YR 5.5/4 and showed no
measurable change from the untreated samples, although visual observation indicated that
they had lightened very slightly. Samples treated with Silbond® 40 showed the most
color change with a measurement of 7.5YR 4/4, indicating a 1.5 value unit change.
Conservare® OH treated samples showed slightly less color change with a measurement
of 7.5YR 4.5/4 producing only a 1.0 value unit change. No changes in hue or saturation
were noted. Munsell color measurements are listed in Table 7.1 and changes in value are
graphed in Chart 1.
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Table 7.1:
Sample
F-09
F-10
F-11
F-12

Munsell Color Measurement of Treated Samples
Consolidant
Color Description
Munsell Color
Conservare OH
Light brown/brown
7.5YR 4.5/4
Silbond 40
Light brown/brown
7.5YR 4/4
Gelatin
Brown
7.5YR 5.5/4
Control
Brown
7.5YR 5.5/4

Value Measurements
of Treated and Untreated Facsimile Samples

6

Munsell Value Measurement

5

4

3

2

1

0
Conservare OH

Silbond 40

Gelatin

Facsimile Sample Type
Chart 7.1. Comparison of value measurements of treated and untreated samples.
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Control

7.2 Depth of Penetration
Scanning electron microscopy (SEM) with electron dispersive spectroscopy
(EDS) mapping proved successful for determining the depth of penetration of the
Conservare OH. By scanning at 20x magnification and mapping with EDS, the presence
of tin was confirmed throughout the Conservare OH-treated samples and absent for the
untreated samples (fig. 7.2). This indicated that the consolidant had fully penetrated the
samples. Based on SEM images of untreated and Conservare OH-treated samples, it
appears that the consolidant had coated the surfaces and had begun to crack (figs. 7.37.6).
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Figure 7.2. Comparison of EDS mapping for tin of untreated and Conservare® OHtreated cross sections of facsimile samples. Left images are 20x magnification of an
untreated sample (above) and EDS mapping for tin (below) of the area pictured above.
Right images are of 20x magnification of a sample treated with Conservare® OH (above)
and EDS mapping for tin (below) of the area pictured above. Samples are oriented
stratigraphically so the top of the layer is at the top of the image.
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Figure 7.3. Untreated sample at 350x magnification. Light areas show charging because
they had detached from the sample. Flakey platelets are the clay (a) and larger grains are
fine sand (b).
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Figure 7.4. Untreated sample at 1100x magnification.
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Figure 7.5. Conservare® OH-treated sample at 350x magnification. Glassy coating seen
on and around the aggregate in the middle is the consolidant. Compare to figure 7.3.
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Figure 7.6. Conservare® OH-treated sample at 1100x magnification. Large sheets of
consolidant can be seen.

SEM micrographs of the lowest areas of the Silbond® 40 treated samples were
inconclusive because no consolidant could be visually identified in any SEM images
(figs. 7.7-7.8). The sample was viewed under SEM in upper and lower areas of the
sample, which had a similar appearance but did not reveal ethyl silicate formations
usually found. Bulk observation of the sample as well as behavior during wet-dry testing
indicated a high likelihood that the consolidant had fully penetrated the facsimile samples
to which it was applied.
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Figure 7.7. Lowest portion of Silbond® 40-treated sample at 350x magnification. Since
charging was high on this sample and image-taking was difficult, a partially carbon
coated area is included here, seen in the dark area in the lower portion of the image.
Image has been adjusted in Adobe® Photoshop® for brightness (+20) and contrast (+40).
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Figure 7.8. Lowest area on cross-section of Silbond® 40-treated facsimile sample at
1100x magnification. Dark areas in lower portion of the image are covered with carbon.
The top portion of the image may show some smoothing of the surface (as compared to
figure 7.4). Image has been adjusted for in Adobe® Photoshop® for brightness (+20) and
contrast (+50).

Observations of cross-sections taken of the gelatin-treated samples under UV
fluorescent light microscopy revealed auto-fluorescence throughout the depth of the
samples. Gelatin tended to coat the pores of the samples, indicating possible uneven
distribution of the gelatin. A sample of Mesa Verde red loess was also subjected to UV
fluorescent light microscopy, which confirmed the absence of auto-fluorescence on the
red loess and positively confirmed the presence of gelatin in the treated samples.
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7.3 Cohesive strength
Visual observation of test tape strips taken from treated and untreated facsimile
samples indicated that all the treated samples displayed greater surface cohesion than the
untreated control samples. The gelatin-treated samples displayed the greatest
improvement in surface cohesion, with very little material seen adhering to the test tape
(fig. 7.9). This was probably due to the observed gelatin film on the surface of the
samples protecting and consolidating the surface. These findings were also observed in
the AutoCAD® drawings produced in order to measure the percentage of the material
adhered to the tape strips (figs. 7.10-7.13).
Based on these percentage calculations, testing of the untreated samples resulted
in the surface removal of 0.52% of the total area tested. Testing of the Silbond® 40treated samples yielded 0.07% surface removal, with Conservare® OH-treated samples
yielding 0.03% and gelatin-treated samples yielding 0.01% surface removal (chart 2).
Improvement, i.e. or decrease in surface material removal after consolidation, was 86.6%
for the samples treated with Silbond 40, 95.2% for the samples treated with Conservare®
OH, and 98.5% for the samples treated with gelatin. The least improvement in cohesion
after consolidation was seen in the Silbond® 40-treated samples, with the greatest
cohesion improvement found in the gelatin-treated samples.
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Figure 7.9. Results of testing for cohesion. The strips of tape that were applied to the
gelatin-treated facsimile samples appear to have acquired the least amount of material,
while the tape strips applied to the control samples have the most.
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Figure 7.10. AutoCAD® drawing of cohesion results from control facsimile samples.

Figure 7.11. AutoCAD® drawing of cohesion results from Silbond® 40-treated facsimile
samples.
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Figure 7.12. AutoCAD® drawing of cohesion results from Conservare® OH-treated facsimile
samples.

Figure 7.13. AutoCAD® drawing of cohesion results from gelatin-treated facsimile samples.
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0.60

0.52

Percent Material Removed

0.50

0.40

0.30

0.20

0.10
0.07
0.03
0.01
0.00
Conservare OH

Silbond 40

Gelatin

Control

Consolidant

Chart 7.2. Loss of material through tape test of facsimile samples treated with each consolidant
in comparison to control sample. Cohesion is measured inversely by percent of material
removed by tape strips for all samples of each type tested.

Control samples were also tested after wet-dry cycling to assess the effectiveness
of the cycling for decreasing the cohesion of the plaster (fig. 7.14). Assessment was
made in a similar manner, however the amount of material found on the test tape was
great enough to necessitate transferring data into ArcMap® before calculating area. An
almost 600% increase in material adhered to the test tape was recorded after wet-dry
cycling suggesting severe decohesion from wet-dry cycling (chart 3).
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Figure 7.14. Results of surface cohesion testing of control facsimile samples after wetdry cycling.
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35
30.88

Percentage of material adhered

30

25

20

15

10

5
0.52
0
Control before wet-dry
cycling

Control after wet-dry cycling

Chart 7.3. Comparison of surface cohesion results before and after
wet-dry cycling.

7.2 Durability to Wetting and Drying
A total of 13 wet-dry cycles were run at 8–16 hour intervals, with oven-drying at
60°C, before discernible results were observed. Wet-dry cycling produced large cracks
and blisters in the control samples (figs. 7.15-7.16). Gelatin-treated samples responded
similarly, with additional smaller and more numerous cracks and similar-sized blisters
(figs. 7.17-7.18). Cracking was found to develop in the gelatin-treated samples several
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cycles before the untreated samples. Wet-dry cycling of facsimile samples treated with
Conservare® OH produced the most cracking with a network of cracks across the entire
sample layer (figs. 7.19-7.20). No change was observed in samples treated with Silbond®
40 (figs. 7.21-7.22).
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Figure 7.15. Control samples before wet-dry cycling.

Figure 7.16. Control samples after wet-dry cycling.
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Figure 7.17. Gelatin treated samples before wet-dry cycling.

Figure 7.18. Gelatin treated samples after wet-dry cycling.
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Figure 7.19. Conservare® OH-treated samples before wet-dry cycling.

Figure 7.20. Conservare® OH-treated samples after wet-dry cycling.
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Figure 7.21. Silbond® 40-treated samples before wet-dry cycling.

Figure 7.22. Silbond® 40-treated samples after wet-dry cycling.
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Weight change was measured before and after testing for wet-dry cycling, the
results of which are listed in Table 7.2. The control samples had an average loss of
1.80 g. The Conservare® OH-treated samples showed the greatest loss of material with a
mean loss of 3.20 g. The gelatin-treated samples had a mean loss of of 1.40 g, while the
Silbond® 40-treated samples displayed the least loss, with only 0.70 g of material lost on
average.
Table 7.2: Weight Measurements Before and After Wet-Dry Cycling
Consolidant
Sample
Weight
Weight
Loss
Before
After
(in g)
(in g)
(in g)
Control
F-28
276.92
276.28
0.64
F-32
283.19
279.36
3.83
F-36
286.84
284.13
2.71
F-40
271.50
270.96
0.54
F-44
285.63
284.35
1.28
Conservare® OH
F-25
276.66
270.21
6.45
F-29
286.73
282.53
4.20
F-33
279.40
276.30
3.10
F-37
281.88
280.28
1.60
F-41
273.42
272.77
0.65
Silbond® 40
F-26
271.18
270.50
0.68
F-30
286.89
286.11
0.78
F-34
283.90
283.22
0.68
F-38
277.34
276.63
0.71
F-42
269.76
269.12
0.64
Gelatin
F-27
277.44
276.99
0.45
F-31
272.42
271.36
1.06
F-35
280.95
277.24
3.71
F-39
271.47
270.85
0.62
F-43
265.85
264.68
1.17
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Mean Loss
(in g)

Standard
Deviation

1.80

1.43

3.20

2.27

0.70

0.05

1.40

1.32

7.5 Summary
The chemical consolidants were found to produce the greatest color change, with
the Silbond® 40 producing the most severe darkening of the surface (an additional
indication of the presence of the consolidant). In terms of depth of penetration, all
consolidants were found to penetrate the finish layer completely. The gelatin, however,
did leave a slight surface residue due to its higher viscosity. Surface cohesion was
significantly improved with all samples. Wet-dry testing yielded a range of responses
including network cracking, blistering and large cracking, and no response. Weight
change indicated the greatest loss of plaster in the Conservare® OH-treated samples and
the least loss in the Silbond® 40-treated samples. Results are summarized in Table 7.3.
Table 7.3: Summary of Test Results
Consolidant
Color Change

Depth of
Penetration
--

Surface Cohesion

0.03% removed
(95.2%
improvement)
0.07% removed
(86.6%
improvement)
0.01% removed
(98.5%
improvement)

Control

--

Conservare® OH

Darkened by 1.0
value units

Complete

Silbond® 40

Darkened by 1.5
value units

Complete
(assumed)

Gelatin

No Change

Complete
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0.52% removed

Wet-dry
resistance
A few large cracks
and blisters
produced
Thick network of
cracks produced
No response

Cracks and blisters
produced

Chapter 8: Conclusions
The observations and data from the test program were assessed and evaluated
according to the performance goals established for consolidants described in Chapter 4.
While the critical properties were those for which testing was performed, other objectives
listed were also considered in evaluating the consolidants tested.

8.1 Color Change
One of the most important aspects of consolidation of Kiva F finishes is the need
to avoid a change in appearance in both color and gloss. Based on test results, the gelatin
produced the least amount of color change and therefore was the most ideal for the
finishes in this regard. The greatest change in appearance, observed as a darkening or
saturation of the plasters, occurred with Silbond® 40. It is, however, very likely that the
samples will return to their original color as the ethyl silicates fully cure. The degree to
which the treated finishes will continue to lighten is not known and continued
observation will have to be made for final evaluation.

8.2 Depth of Penetration
Depth of penetration was complete for all samples consolidated – an excellent
finding since it allows a broad range of choices in the selection of treatments.
Additionally, no reverse migration was observed at the surface. Although the gelatin was
found to reach the full depth of the finish layer, it was concentrated in the pores and on
the surface of the sample which could lead to reduced vapor transmission and differential
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response to moisture and temperature. Depth of consolidant penetration into the stone
was not measured but may be of interest in understanding the ultimate adhesive or bond
strength of the plasters to the stone, especially in combination with gelatin as an adhesive
before or after consolidation.

8.3 Surface Cohesion
The significant improvement in surface cohesion for all consolidants tested was
the most applicable assessment of their ability to re-establish intergranular cohesion of
the finishes. Although differences in the surface cohesion were found for each of the
consolidants tested, these were relatively similar, indicating that consolidation addressed
the critical problem of disaggregation and friability with all consolidants tested.

8.4 Wet-dry Cycling
Of the tests performed, the results for wet-dry cycling were the most surprising in
terms of the behavior of the consolidated earthen finishes, especially considering the
reality of such in situ weathering. The wet-dry cycling test results for the untreated and
gelatin-treated facsimile samples produced similar results although the gelatin-treated
samples cracked sooner than the untreated samples. Both sample sets displayed roughly
perpendicular cracks creating medium to large plates typical for clay shrinkage.
The results for the Conservare® OH-treated facsimile samples were unique with
all five replicates displaying severe map or network cracking. The ethyl silicate in the
Conservare® OH may have changed the intermolecular bonds of the phyllosilicates. This
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may be explained by the flocculation theory, in which the clay micelles are drawn
together by chains of water molecules and cations such as sodium, calcium or aluminum
acting on electrostatic forces.68 This flocculation may have been hindered by the
dominance of the ethyl silicate bonds, decreasing the ability of the clay to coalesce during
the drying and contraction process and thus producing cracks.
While the Silbond® 40 treated samples displayed no cracking at all, it is most
likely due to the hydrophobic nature of the consolidant which hindered any reaction
between the water molecules and the clay micelles. This would explain the strong
response to water of Conservare® OH-treated samples and the lack of response of the
Silbond® 40-treated samples. Additionally, since no catalyst was added to the Silbond®
40 and relative humidity generally remained lower than the recommended 50% for the
most rapid curing, it is also possible that the Silbond® 40 had not completely cured before
testing. Previous investigation has indicated that TEOS is hydrophobic before hydrolysis
and that it becomes more miscible with water through the process of curing.69 This may
suggest that the Silbond® 40-treated samples would become more reactive to the water
with time. If so, the Silbond® 40 should be tested for wet-dry resistance again after
curing has run its course in order to obtain a more complete assessment. Previous
research has found that Silbond® 40 applied without dilution in a solvent confers high
hydrophobicity to the material being consolidated, but when diluted in an ethanol

68

Houben, H. and H. Guillaud, 1989, Earth Construction: A Comprehensive Guide, Warwickshire, UK:
ITDG Publishing: 28.
69
Wheeler, G., 2005: 19.
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solution it is not likely to be hydrophobic.70 The findings here have confirmed the
hydrophobicity of Silbond® 40 when applied neat, but may also be complimented well by
additional testing of Silbond® 40 in a diluted ethanol solution in order to determine if its
response to wet-dry cycling is similar to or different from that of Conservare® OH.

8.5 Recommendations
Considering that the gelatin-treated samples performed well in most tests,
especially for color change and wet-dry cycling, and that the response of Silbond® 40 to
wet-dry cycling could potentially be similar to that of the Conservare® OH after further
testing, the gelatin seems to be the most appropriate consolidant at this time based on the
limited tests conducted. This is based not only on technical findings, in which gelatin
performed well for all tests, but also on the cultural and environmental requirements for
consolidants that it is also “natural” and non-toxic to the applicators and the environment.
Possible issues that may arise with the use of gelatin revolve around retreatability, its
eventual embrittlement, and the rate and nature of decomposition. Its biosusceptibility
has been observed to be very limited due to the dryness of the Mesa Verde environment.
Further testing could include the wet-dry cycling of Silbond 40 after curing is
complete, assessment of cohesion of all samples after wet-dry cycling, and continued
observation of color change. Research on the hygric and hydric response of earthen
finishes before and after consolidation is a critical property to be tested and may include
observation of treated and untreated earthen finishes in increasing relative humidity with
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Selwitz, C. and A. Oliver, 2002: 66.
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an environmental scanning electron microscope. In addition, treatment with Silbond 40
in an ethanol solution, commercially available elastified and non-elastified ethyl silicate
consolidants, and antihygric treatment material which limits the expansion and
contraction of clays could be tested. Freeze-thaw cycling and in situ testing would also
be useful in predicting the way the consolidants would perform on site. In addition, other
options for intervention, including reapplication of finishes, removal, reburial, structural
alterations, shelter construction, treatment, or no intervention, should be explored before
a final decision is made on the use of consolidants at Mesa Verde.

129

Bibliography
Agnew, N. 1990. The Getty Adobe Research Project at Fort Selden I. Experimental
Design for a Test Wall Project, in Proceedings of the 6th International Conference
on the Conservation of Earthen Architecture: Adobe 90 Preprints, Los Angeles:
The Getty Conservation Institute.
Agnew, N., F. Preusser, and J. R. Druzik. Strategies for Adobe Preservation: The Getty
Conservation Institute Research Program. in 5th International Meeting of Experts
on the Conservation of earthen Architecture, Rome, 22-23 / X / 1987. Rome:
ICCROM.
Alessandrini, G., R. Bonecchi, E. Broglia, R. Bugini, R. Negrotti, and R. Peruzzi. 1988.
Palazzo dei Giureconsulti (Milan, Italy): Identification of Stone Materials, Causes
of Decay and Conservation Methods. In VIth International Congress on
Deterioration and Conservation of Stone: Proceeding: Torun, 12-14. 09. 1988.
Ed. Ciabach. J. Nicholas Copernicus University, Press Department, 330-340.
American Society for Testing Materials. 2001. Standard Test Methods and
Specifications. Philadelphia, PA: ASTM.
Baer, N.S. and R. Snethlage, eds. 1996. Report of the Dahlem Workshop on Saving Our
Architectural Heritage: The Conservation of Historic Stone Structures Berlin,
March 3-8. New York: John Wiley & Sons.
Bass Rivera, A. 1999. Conservation of Architectural Finishes Program, Mesa Verde
National Park Project Report. Mesa Verde National Park, Colorado.
Bayer Material Science, Solventborne Resin Systems, http://www.bayerls.de/ls/lswebcms.nsf/id/E87F131AB939514DC12569510057BE03, accessed
March 2007.
Beas Guerrero de Luna, M. I. 1991. Traditional Architectural Renders on Earthen
Surfaces. Graduate Thesis. Univ. Pennsylvania.
Bohnert, A. 1990. The Preservation of Prehistoric Mud Plasters at Mesa Verde National
Park. 6th International Conference on the Conservation of Earthen Architecture,
Adobe 90 Preprints. Los Angeles: Getty Conservation Institute, 261-266.
Brady, N. C.; Weil, R. R. 2001. The Nature and Properties of Soils. Upper Saddle River,
New Jersey: Prentice Hall.
Caperton, T. J. 1990. Fort Selden Ruins Monuments. 6th International Conference on the
Conservation of Earthen Architecture, Adobe 90 Preprints. Los Angeles: Getty
Conservation Institute, 209-211.
Cappitelli, F., J. D. Nosanchuk, A. Casadevall, L. Toniolo, L. Brusetti, S. Florio, P.
Principi, S. Borin, and C. Sorlini. 2007. Synthetic Consolidants Attacked by
Melanin-Producing Fungi: Case Study of the Biodeterioration of Milan (Italy)
Cathedral Marble Treated with Acrylics. Applied and Environmental
Microbiology, 73(1): 271-277.
Carr, R. 2002. An Evaluation of Adhesive Loss and Treatment for Earthen Surface
Finishes at Mesa Verde National Park. Graduate Thesis. Univ. Pennsylvania.
130

Charola, A. E., E. De Witte, and M. Laurenzi Tabasso. 1996. Establishing International
Standards for the Quality Control of Conservation Materials and for Qualifying
Practitioners Applying Them. In Report of the Dahlem Workshop on Saving Our
Architectural Heritage: The Conservation of Historic Stone Structure, Berlin,
March 3-8, 1996. Eds. N. S. Baer and R. Snethlage. New York: John Wiley &
Sons: 245-54.
Charola, A. E., A. Tucci, and R. J. Koestler. 1986. On the Reversibility of Treatments
with Acrylic/Silicone Resin Mixtures. Journal of the American Institute for
Conservation 25(2): 83-92.
Chiari, G. 1976. Adobe in Peru: Treatment of a Painted Frieze (abstract). 2nd
International Symposium on the Conservation of Monuments in Mud-brick 6-11
March 1976 ICOMOS-Iran. Yazd: ICOMOS, 33-34.
Chiari, G. 1980. Treatment of Adobe Friezes in Peru. 3rd International Symposium of
Mud-brick (Adobe) Preservation 28 September – 4 October 1980, ICOMOSTurkey. Ankara: ICOMOS, 39-45.
Chiari, G. 1987. Consolidation of Adobe with Ethyl Silicate: Control of Long Term
Effects Using SEM. Proceedings of the 5th International Meeting of Experts on
the Conservation of Earthen Architectur, Rome, 22-23 / x / 1987. CRATerre,
ICCROM.
Chiari, G. 1990. Chemical Surface Treatments and Capping Techniques of Earthen
Structures: A Long Term Evaluation. Proceedings of the 6th International
Conference on the Conservation of Earthen Architecture: Adobe 90 Preprints.
Las Cruces, New Mexico. 267-273.
Clifton, J. R.; Brown, P. W.; and Robbins, C. R. 1978. Factors Affecting the Durability of
Adobe Structures. NBSIR 78-1495. Washington, D.C.: National Bureau of
Standards.
Clifton, J. R. 1997. Adobe Building Materials: Properties, Problems and Preservation.
Technology and Conservation. 1: 30-34.
Coffman, R. L., C. Selwitz, and N. Agnew. 1990. The Getty Adobe Research Project at
Fort Selden: Volume II: A Study of the Interaction of Chemical Consolidants with
Adobe and Adobe Constituents. Proceedings of the 6th International Conference
on the Conservation of Earthen Architecture: Adobe 90 Preprints. Las Cruces,
New Mexico. 250-254.
Correa, J. M. 2005. Treatment Evaluation for the Micritic Limestone at Mission San
José y San Miguel de Aguayo, San Antonio, Texas. Graduate Thesis.
Philadelphia: Univ. Pennsylvania.
Croveri, P. and M. Chiavarini. 2000. Evaluations of the Effectiveness of Innovatives
Perfluoropolyurethanes Polymers as Consolidants for Porous Materials. In 9th
International Congress on Deterioration and Conservation of Stone, Venice, June
19-24, 2000. Ed. Fassina, V. New York: Elsevier. Vol. 2. 263-71.
Del Bono, E. M. 1999. Characterization and Analysis of the Caliche Walls of the Great
House, Casa Grande Ruins National Monument, Coolidge, Arizona. Graduate
Thesis. Philadelphia: Univ. Pennsylvania.

131

Dell’Agli, G., C. Ferone, G. Mascolo, O. Marino, and A. Vitale. 2000. Durability of
Tufaceous Stones Treated with Protection and Consolidation Products. In 9th
International Congress on Deterioration and Conservation of Stone, Venice, June
19-24, 2000. Ed. Fassina, V. New York: Elsevier. Vol. 2: 379-85.
Dix, L. A. 1996. Characterization and Analysis of Prehistoric Earthen Plasters, Mortars,
and Paints from Mug House, Mesa Verde National Park, Colorado. Graduate
Thesis. Philadelphia: Univ. Pennsylvania.
Domaslowski, W. and J. W. Lukaszewicz. 1988. Possibilities of Silica Application in
Consolidation of Stone Monuments. In VIth International Congress on
Deterioration and Conservation of Stone: Proceeding: Torun, 12-14. 09. 1988.
Ed. Ciabach, J. Nicholas Copernicus University, Press Department, 563-576.
Dossett, J. 1998. Composite Repair of Sandstone. Graduate Thesis. Philadelphia: Univ.
Pennsylvania.
Erder, E. H. 1995. Consolidation and Adhesive Repair of Volcanic Tuff Case Study:
Conservation of Volcanic Tuff at the Old Stone Church of Mission San Juan
Capistrano, San Juan Capistrano, California. Graduate Thesis. Philadelphia: Univ.
Pennsylvania.
Erdman, J. A., C. L. Douglas, and J. W. Marr. 1969. Environment of Mesa Verde,
Colorado. Washington, D. C.: National Park Service, U S. Department of the
Interior.
Escalante, M. R., J. Valenza, and G. W. Scherer. 2000. Compatible Consolidants from
Particle-Modified Gels. In 9th International Congress on Deterioration and
Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York:
Elsevier. Vol. 2: 459-65.
Fiero, K. Mesa Verde National Park: Site History, Architectural Conservation Laboratory
& Research Center, University of Pennsylvania,
http://www.design.upenn.edu/hspv/mesaverde/mesa_verde.htm.
Fong, K. L. 1999. Design and Evaluation of Acrylic-Based Grouts for Earthen Plasters.
Graduate Thesis. Philadelphia: Univ. Pennsylvania.
Gansicke, S, P. Hatchfield, A. Hykin, M. Svoboda and C. M-A. Tsu. 2003. The Ancient
Egyptian Collection at the Museum of Fine arts, Boston. Part 1, A Review of
Treatments in the Field and Their Consequences. Journal of the American
Institute for Conservation 42(2). 167-192.
---------. 2003. The Ancient Egyptian Collection at the Museum of Fine arts, Boston.
Part 2, A Review of Former Treatments at the MFA and Their Consequences.
Journal of the American Institute for Conservation 42(2). 193-236.
Getty Conservation Institute. 2006. Project Bibliographies. http://gcibibs.getty.edu/asp/
(accessed 08/25/2006).
Griffitts, M. O. 1990. Guide to the Geology of Mesa Verde National Park. Mesa Verde
National Park, CO: Mesa Verde Museum Association.
Grissom, C. A., A. E. Charola, A. Boulton, and M. F. Mecklenburg. 1998. Evaluation
Over Time of an Ethyl Silicate Consolidant Applied to Ancient Lime Plaster.
Studies in Conservation 44: 113-120.

132

Grissom, C. A. and N. R. Weiss, eds. 1981. Supplement: Alkoxysilanes in the
Conservation of Art and Architecture: 1861-1981. Art and Archaeology Technical
Abstract 18. London: IIC. No. 1.
Haake, S., S. Simon, and M. Favaro. 2004. The Bologna Coctail – Evaluation of
Consolidation Treatments on Monuments in France and Italy After 20 Years of
Natural Aging. In Proceedings of the 10th International Congress on
Deterioration and Conservation of Stone, Stockholm, June 27 – July 2, 2004. Eds.
D. Kwiatkowski and r. Lofvendahl. Stockholm: Elanders Gotab, 423-30.
Hartzler, R. L. 1996. Acrylic-modified Earthen Mortar: A Program of Investigation and
Laboratory Research into Acrylic Modified Earthen Mortar Used at Three
Prehistoric Pueblo Sites. Graduate Thesis. Univ. Pennsylvania.
Hayes, A. C. 1964. The Archeological Survey of Wetherhill Mesa, Mesa Verde National
Park, Colorado. Washington, D.C.: National Park Service, U.S. Department of
the Interior.
Helmi, F. M. 1990. Deterioration and Conservation of Some Mud Brick in Egypt. in
Proceedings of the 6th International Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints. Los Angeles: The Getty Institute Hempel, K. F.
B. 1968. Notes on the Conservation of Sculpture, Stone, Marble and Terracotta.
Studies in Conservation 13: 34-44.
Houben, H. and Guillard, H. 1994. Earth Construction: A Comprehensive Guide.
London: Intermediate Technology Publications.
ICOMOS, 1978, Advisory Body Evaluation for Mesa Verde Nomination, Paris:
ICOMOS.
Jerome, P. S., N. R. Weiss, A. S. Gilbert and J. A. Scott. 1998. Ethyl Silicate as a
Treatment for Marble: Conservation of St. John’s Hall, Fordham University. APT
Bulletin 29, 19-26.
Kimmel, J. 1996. Characterization and Consolidation of Pennsylvania Blue Marble, with
a Case Study of the Second Bank of the United States, Philadelphia, PA. Graduate
Thesis. Philadelphia: Univ. Pennsylvania.
Klein, C. and Hurlbut, Jr., C. S. 1977. Manual of Minerology. New York: John Wiley &
Sons. 21st ed.
Koleske, J. V., ed. 1995. Paint and Coating Testing Manual: Fourteenth Edition of the
Gardner-Sward Handbook. Philadelphia, PA: ASTM.
Lancaser, E. R. 1954. Archaeological Excavations in Mesa Verde National Park,
Colorado, 1950. Washington, D.C.: National Park Service.
Lanterna, G., A. Mairani, M. Matteneini, M. Rizzi, S. Scuto, F. Vincenzi, and P. Zannini.
2000. Mineral Inorganic Treatments for the Conservation of Calcareous Artefacts.
In 9th International Congress on Deterioration and Conservation of Stone,
Venice, June 19-24, 2000. Ed. Fassina, V. New York: Elsevier. Vol. 2: 387-94.
Laurenzi Tabasso, M., 1995, Acrylic Polymers for the Conservation of Stone:
Advantages and Drawbacks, APT Bulletin, 26(4), 17-21
Leroux, L., V. Vergès-Belmin, D. Costa, J. Delgado Rodrigues, P. Tiano, R. Snethlage,
B. Singer, S. Massey and E. De Witte. Measuring the Penetration Depth of
Consolidating Products: Comparison of Six Methods. In Proceedings of the 9th
133

International Congress on Deterioration and Conservation of Stone, Venice, June
19-24, 2000. Ed. V. Fassina, Elsevier Inc., (vol. 2) 361-369.
Levko, L. V., and D. N. Yemelyanov. 2000. Regularities of Conservation of Porous
Material – Ancient Terra-Cotta of Prichernomorye – by Acrylic Poymer
Solutions. In 9th International Congress on Deterioration and Conservation of
Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York: Elsevier. Vol. 2:
547-552.
Lukat, S. 1975. Die Einwirkung von Luftverunreinigungen auf die Bausubstanz des
Kölner Domes. III (The Effect of Air Pollution on the Building Fabric of the
Cologne Cathedral. III.) Kölner Domblatt: Jahrbuch des Zentral-DombauVereins 40, 75-108.
Martin, B., D. Mason, J. M. Teutonico, S. Chapman, R. Butlin, and T. Yates. 2004.
Stone Consolidants: Brethane. In Stone: Stone Building Materials, Construction
and Associated Component Systems: Their Decay and Treatment. Ed. J. Fidler.
London: James & James. Vol. 2, 3-18.
Matero, F. G. and Bass, A. 1994. Orphans of the Storm: The Preservation of
Architectural Plasters in Earthen Ruins. Cultural Resource Management:
Conserving Earthen Architecture. 17:4, 21-26.
Matero, F. G. 1995. A Programme for the Conservation of Architectural Plasters in
Earthen Ruins in the American Southwest: Fort Union National Monument, New
Mexico, US.A. Conservation and Management of Archaeological Sites 1(1):524.
Matero, F. G.; Cancino, C.; Fourie, R. 2002. Conservation and Architectural Surface
Program for Archeological Resources: Cliff Palace, Mesa Verde National Park.
Philadelphia: Architectural Conservation Laboratory and Research Center, Univ.
Pennsylvania.
Matero, F. G., 2007, Long House, Kiva F Description from Fieldbook.
Maxova, I. 2000. Changes in Properties of stone Treated with Historical or Modern
Conservation Agents. In 9th International Congress on Deterioration and
Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York:
Elsevier. Vol. 2: 395-402.
McBratney, F. L. 2005. Quantitative Analysis and Treatment of the Pennsylvania Blue
Marble at the Philadelphia Merchants’ Exchange. Graduate Thesis. Philadelphia:
Univ. Pennsylvania.
Messori, M., P. Zannini, A. Mairani, and M. Matteini. 2000. New Proposals for the
Conservation – Consolidation of Stones and Plasters: Analytical Characterization
and Trial Applications of Ba Aluminates. In 9th International Congress on
Deterioration and Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina,
V. New York: Elsevier. Vol. 2, 561-8.
Moncrieff, A. and K. F. B. Hempel. 1977. Conservation of Sculptural Stonework:
Virgin & Child on S. Maria Dei Miracoli and the Loggetta of the campanile,
Venice. Studies in Conservation 22: 1-11.
---------. 1976. The Treatment of Deteriorating Stone with Silicone Resins: Interim
Report. Studies in Conservation 21: 179-191.
134

National Climatic Data Center. 2005. Climates of the States: Climate of Colorado,
Asheville, North Carolina: National Climatic Data Center, NOAA Satellite and
Information Service, National Environmental Satellite, Data, and Information
Service.
Nordenskiold, G. 1990. The Cliff Dwellers of the Mesa Verde, Southwestern Colorado:
Their Pottery and Implements. Trans. D. L. Morgan. Mesa Verde National Park:
Mesa Verde Museum Association.
O’Connor, J. 2000. The Role of Consolidants in the Conservation of Sydney Sandstone
Buildings. In 9th International Congress on Deterioration and Conservation of
Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York: Elsevier. Vol. 2,
413-17.
Odegaard, N., S. Carroll, and W. S. Zimmt. 2005. Material Characterization Tests for
Objects of Art and Archaeology. London: Archetype Publications Ltd.
Oliver, A. B. 2002. The Variable Performance of Ethyl Silicate: Consolidated Stone at
Three National Parks. APT Bulletin 33(2/3): 39-44.
Oliver, A., 2000, Fort Selden Adobe Test Wall Project, Phase I, Final Report, (Personal
library of F. G. Matero, unpublished)
Ozturk, I. 1992. Alkoxysilanes: Consolidation of Stone and Earthen Building Materials.
Graduate Thesis. Philadelphia: Univ. Pennsylvania.
Price, C. A. 1981. Brathane Stone Preservative. London: Building Research
Establishment.
Rathgen, F. 1905. The Preservation of Antiquities: A Handbook for Curators, Translated
by Auden, G. A., and Auden, H. A., Cambridge: University Press.
Remmers, Ltd. 2006. Material Safety Data Sheet for Funcosil Stone Strengthener 100.
Rohatsch, A., J. Nimmrichter, and I. Chalupar. 2000. Physical Properties of Fine Grained
Marble Before and After Conservation. In 9th International Congress on
Deterioration and Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina,
V. New York: Elsevier. Vol. 2, 453-58.
Romero Taylor, M. 1990. An Evaluation of the New Mexico State Monuments Adobe
Test Walls at Fort Selden. 6th International Conference on the Conservation of
Earthen Architecture, Adobe 90 Preprints. Los Angeles: Getty Conservation
Institute, 1383-389.
Sasse, H. R. and R. Snethlage. 1996. Methods for the Evaluation of Stone Conservation
Treatments. In Report of the Dahlem Workshop on Saving Our Architectural
Heritage: The Conservation of Historic Stone Structure, Berlin, March 3-8, 1996.
Eds. N. S. Baer and R. Snethlage. New York: John Wiley & Sons, 223-43.
Schnabel, L. 1992. Evaluation of the Barium Hydroxide-Urea Consolidation Method. In
Proceedings of the 7th International Congress on Deterioration and Conservation
of Stone: Held in Lisbon, Portugal, 15-18 June 1992. Eds. Delgado Rodrigues, J.,
F. Henriques, and F. T. Jeremias. Labroatório Nacional de Engenharia Civil,
1063-1072.
Searls, C. L. and D. P. Wessel. 1995. Guidelines for Consolidants. APT Bulletin 26(4),
41-44.

135

Selwitz, C. and A. Oliver. 2002. Fort Selden Adobe Research Project, Phase III, Final
Report (Personal library of F. G. Matero, unpublished).
Selwitz, C., R. Coffman, and N. Agnew. 1990. The Getty Adobe Research Project at Fort
Selden III. An Evaluation of the Application of Chemical Consolidants to Test
Walls. in Proceedings of the 6th International Conference on the Conservation of
Earthen Architecture: Adobe 90 Preprints. Los Angeles: The Getty Conservation
Institute.
Silver, C. S. and J. Gens. 1985. MV 1200 – Long House, Kiva F. Survey of Architectural
Plaster: Mesa Verde National Park.
Silver, C. S., J. Snodgrass, and R. Wolbers. 1993. A Program for the Conservation of
Prehistoric Mural Paintings on Mud Renderings in the American Southwest.
Proceedings of the 7th International Conference of the Study and Conservation of
Earthen Architecture. Silves, Portugal.
Skrdlantova, M. and P. Kotlik, B. Dykova. 2004. Modification of Stone Consolidants
Based on Organosilicone Compounds. In Proceedings of the 10th International
Congress on Deterioration and Conservation of Stone, Stockholm, June 27 – July
2, 2004. Eds. D. Kwiatkowski and r. Lofvendahl. Stockholm: Elanders Gotab,
291-8.
Slater, M. E. 1999. Characterization of Earthen Archtiectural Surface Finishes from Kiva
Q, Cliff Palace, Mesa Verde National Park, Colorado. Graduate Thesis. Univ.
Pennsylvania.
Snethlage, R. and J. Meinhardt-Degen. 2004. Re-Treating Sandstone with Ethyl
Silicates – Is There a Risk of Over-Strengthening the Surface. In Proceedings of
the 10th International Congress on Deterioration and Conservation of Stone,
Stockholm, June 27 – July 2, 2004. Eds. D. Kwiatkowski and r. Lofvendahl.
Stockholm: Elanders Gotab, 283-9.
Stabilization Notes, Mesa Verde National Park.
Teutonico, J. M. 1988. A Laboratory Manual for Architectural Conservators. Rome:
ICCROM.
Thickett, D. and N. J. Lee, S. M. Bradley. 2000. Assessment of the Performance of
Silane Treatments Applied to Egyptian Limestone Sculptures Displayed in a
Museum Environment. In 9th International Congress on Deterioration and
Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York:
Elsevier. Vol. 2, 503-11.
Tiniolo, L., C. Colombo, M. Realini, A. Peraio, and M. Positano. 2001. Evaluation of
Barium Hydroxide Treatment Efficacy on a Dolomitic Marble. Annali di Chimica
91, 813-821.
Tuminello, W. H., S. Bracci, and F. Piacenti. 2002. New Developments in Fluorinated
Materials for Stone Preservation. APT Bulletin 33(4), 19-22.
Vicini, S. and v. Parodi, M. Simonetta, G. Moggi, E. Pedemonte. 2000. Chemistry for
Conservation of Cultural Heritage: Application of In Situ Polymerisation for the
Consolidation and Protection. In 9th International Congress on Deterioration and
Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina, V. New York:
Elsevier. Vol. 2, 419-33.
136

Watsantachad, N. 2001. Investigation of Sandstone Consolidation Method for the
Northern Gopura of the Phimai Sanctuary, a Khmer Monument in Thailand.
Graduate Thesis. Philadelphia: Univ. Pennsylvania.
Weiss, N. R. 1995. Chemical Treatments for Masonry: An American History. APT
Bulletin 26(4), 9-16.
Weiss, N. R., I. Slavid, and G. Wheeler. 2000. Development and Assessment of a
Conversion Treatment for Calcareous Stone. In 9th International Congress on
Deterioration and Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina,
V. New York: Elsevier. Vol. 2, 419-33.
Wells, J. C. 2004. History and Characterization of Mortars in Spanish New World
Fortifications : A Case Study on El Castillo de San Cristobal, San Juan Puerto
Rico. Graduate Thesis. Philadelphia: Univ. Pennsylvania.
Wenger, G. R. 1997. The Story of Mesa Verde National Park. Mesa Verde National Park,
Colorado: Mesa Verde Museum Association.
Wheeler, G. 2005. Alkoxysilanes and the Consolidation of Stone. Getty Trust
Publications: Getty Conservation Institute.
Wheeler, G., J. Méndez-Vivar, E. S. Goins, S. A. Fleming and C. J. Brinker. 2000.
Evaluation of Alkoxysilane Coupling Agents in the Consolidation of Limestone.
In Proceedings of the 9th International Congress on Deterioration and
Conservation of Stone, Venice, June 19-24, 2000. Ed. Fassina, Vasco. Elsevier
Inc., 541-545.
Wheeler, G. S., S. A. Fleming, S. Ebersole. 1992. Comparative Strengthening Effect of
Several Consolidants on Wallace Sandstone and Indiana Limestone. In
Proceedings of the 7th International Congress on deterioration and Conservation
of Stone: Held in Lisbon, Portugal, 15-18 June 1992. Eds. Delgado Rodrigues, J.,
F. Henriques, and F. T. Jeremias. Labroatório Nacional de Engenharia Civil,
1033-1041.
Yemelyanov, D. N., N. V. Volkova, and M. V. Pavlovskaya. 2000. Impregnation and
Strengthening of Porous Stone by Acrylic Polymer Solutions. In 9th International
Congress on Deterioration and Conservation of Stone, Venice, June 19-24, 2000.
Ed. Fassina, V. New York: Elsevier. Vol. 2, 553-9.
Zuixiong, L. 1990. Consolidation of a Neolithic Earthen Site with Potassium Silicate.
Proceedings of the 6th International Conference on the Conservation of Earthen
Architecture: Adobe 90 Preprints. Las Cruces, New Mexico, 295-301.

137

Appendix A: Suppliers
Elastified TEOS
Company: Remmers (U.K.) Limited
Website: www.remmers.co.uk
Phone: 01444-244144
Email: sales@remmers.co.uk
Address:14, Victoria Way--Burgess Hill, West Sussex RH15 9NF
Products:
x

Funcosil® Antihygro®

x

Funcosil® Stone Strengthener 100

x

Funcosil® SAE 300

Conservare® OH
Company: Prosoco
Website: http://www.prosoco.com/
Phone: 1-800-255-4255
Email: customercare@prosoco.com
Address: 3741 Greenway Circle, Lawrence, KS 66046
Products:
x

Conservare® H100 Consolidation Treatment

x

Conservare® OH100 Consolidation Treatment
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Silbond® 40
Company: Silbond Corporation
Website: http://www.silbond.com
Phone: 517-436-3171
Email: silbond@silbond.com
Address: 9901 Sand Creek Highway, P.O. Box 200, Weston, MI 49289
Products:
x

Silbond® 40

x

Silbond® TMB 70 (catalyst)

Permacel® J-LAR® Super Clear tape
Company: Permacel®
Website: http://www.permacel.com/
Phone: 800-755-8273
Address: One Tower Center
14th Floor
East Brunswick, NJ 08816
Distributor: Pearl Art and Craft Supplies, Inc.
Distributor Phone: 215-238-1900
Distributor Address: 417 South Street, Philadelphia, PA 19147-1532
Products:
x

Permacel® J-LAR® Super Clear tape
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3M® Scotch® transparent polypropylene tape
Company: 3M Worldwide™
Website: http://www.3m.com
Distributor: Uline®
Distributor Website: http://www.uline.com
Distributor Phone: 800-958-5463
Distributor Address: 2200 S. Lakeside Drive, Waukegan, IL 60085
Products:
x

3M® Scotch® transparent polypropylene tape

X-ray Diffraction
Company: The Mineral Lab, Inc. ®
Website: http://www.theminerallab.com/2mlhome.htm
Phone: 303-232-8708
Email: tmlco@theminerallab.com
Address: 2700 Youngfield, Suite 105, Lakewood, Colorado, 80215
Products:
x

X-ray diffraction
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Scanning Electron Microscopy
Institution: The Laboratory for Research on the Structure of Matter,
Penn Regional Nanotechnology Facility
Website: http://www.lrsm.upenn.edu
Phone: 215-898-8718
Address: 3231 Walnut Street, Philadelphia, Pennsylvania, 19104
Products:
x

Scanning electron microscopy

Sandstone
Company: Delaware Quarries, Langhorne Stone Company
Website: http://www.delawarequarries.com/locations/langhorne/langhorne.html
Phone: 215-757-2208
Address: 1868 West Superhighway, Langhorne, Pennsylvania, 19047
Products:
x

Tennessee Sandstone

x

Scioto Buff Sandstone

x

Scioto Gray Sandstone

x

Pennsylvania Blue Sandstone
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Appendix B: Gelatin Solution Contents
5% Gelatin Solution Used at Long House [5% gelatin (w/v), 10% glycerin (v/v)]
1 packet gelatin (0.25 oz)
135 ml H20
15 ml glycerin
½ cap full isopropyl alcohol

Gelatin used is food grade, such as Knox® and may be bought at the grocery store.
Thirty-five milliliters cold water should be added to gelatin pack contents and mixed first,
to wet the gelatin. One-hundred milliliters boiling water may then be added and mixed
until the gelatin has mostly gone into solution. The glycerin and alcohol should be added
and mixed last. Keep refrigerated until used. Store in a glass canning jar. Before using,
warm in a hot water bath until gel has returned to a liquid state. This solution was
developed by Frank Matero for use at Mesa Verde National Park.
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